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Foreword  I 


Anyone  who  is  concerned  with  the  management  of  pathologic  conditions  involving  the  oral 
and  maxillofacial  region  is  aware  of  the  frequent  need  for  diagnostic  imaging.  They  are  also 
aware  of  the  need  for  a  reliable  resource  text  when  faced  with  a  condition  with  which  they  are 
unfamiliar.  Maxillofacial  Imaging ,  written  by  Professors  Tore  A.  Larheim  and  Per-Lennart  A. 
Westesson,  is  highly  recommended  for  that  purpose.  By  joining  together  the  expertise  of  a 
dentally  and  medically  based  radiologist,  this  book  brings  a  new  and  unique  perspective  to 
diagnostic  imaging,  with  the  focus  not  only  on  conventional  radiologic  techniques,  standard 
and  computed  tomography,  and  magnetic  resonance  imaging  but  also  on  the  diagnostic  use  of 
positron  emission  tomography  (PET)  and  ultrasonography.  Other  unique  features  of  this  book 
generally  not  found  in  other  maxillofacial  radiology  textbooks  include  the  grouping  of  the 
various  conditions  into  a  succinct,  easily  searchable  order;  a  list  of  accompanying  imaging  and 
clinical  features  and  often  clinical  photographs  of  each  condition;  and  information  on  interven¬ 
tional  radiology.  All  of  these  attributes  make  this  book  a  valuable  resource  for  oral  and  maxil¬ 
lofacial  and  medical  radiologists;  oral  and  maxillofacial,  ENT,  and  plastic  surgeons;  and 
general  dentists  and  dental  specialists.  Professors  Larheim  and  Westesson  are  to  be  compli¬ 
mented  on  producing  a  text  that  will  make  the  diagnosis  of  oral  and  maxillofacial  pathology 
easier  for  all  concerned. 


Daniel  M.  Laskin 
Department  of  Oral  and  Maxillofacial  Surgery 
Virginia  Commonwealth  University  School  of  Dentistry 

Richmond,  VA,  USA 
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Foreword  II 


At  a  recent  case  conference,  one  of  our  residents  presented  a  patient  with  osteomyelitis  of  the 
mandible.  She  first  described  a  panoramic  view  followed  by  CBCT  images,  which  revealed 
more  detail  of  the  osseous  changes.  Her  discussion  of  the  case  included  the  diagnostic  contri¬ 
butions  of  CBCT  and  panoramic  imaging  in  revealing  the  osseous  changes  and  disease  pro¬ 
cess.  Although  we  did  not  have  any  MR  imaging  of  this  patient,  we  were  fortunate  to  have  a 
copy  of  the  first  edition  of  Maxillofacial  Imaging  by  Larheim  and  Westesson.  In  the  chapter  on 
infections,  we  reviewed  several  MR  images  of  osteomyelitis.  With  the  benefit  of  the  cases 
provided  in  this  textbook,  we  were  able  to  have  a  more  informed  discussion  of  the  comparative 
diagnostic  contributions  of  various  advanced  imaging  modalities. 

As  with  the  first  edition,  this  is  an  atlas- style  book — using  bullet  text  throughout — with  a 
focus  on  diagnostic  and  anatomic  imaging.  In  this  second  edition,  the  number  of  illustrations, 
primarily  CT  and  MR,  is  increased  from  1500  in  the  first  edition  to  about  2500  in  this  edition. 
The  page  count  is  increased  about  50%,  and  there  is  a  new  chapter  on  CBCT  imaging. 

The  success  of  a  textbook  such  as  this  depends  primarily  on  two  factors:  the  quality  of  the 
images  and  the  quality  of  the  accompanying  text.  In  the  first  instance,  it  is  often  difficult  to  find 
good  cases  consisting  of  clinical  photographs,  routine  and  advanced  imaging,  and  photomicro¬ 
graphs  of  biopsy  specimens.  It  is  also  important  to  have  access  to  many  cases  in  order  to  be 
able  to  select  those  which  are  most  representative  of  various  stages  or  manifestations  of  a 
condition  and  which  best  illustrate  the  disease  process.  Only  authors  with  extensive  experience 
at  busy  clinics  are  able  to  accumulate  such  collections.  Secondly,  the  text  must  clearly  and 
succinctly  identify  the  imaging  features  that  are  characteristic  of  the  condition  and  help  to 
reveal  the  underlying  disease  process.  As  with  the  illustrations,  high-quality  text  requires 
authors  with  extensive  experience  and  insight.  Fortunately  for  readers  of  this  book,  it  was 
prepared  by  two  individuals  who  meet  these  standards.  Professor  Larheim  is  head  of  the 
Department  of  Maxillofacial  Radiology  at  the  Institute  of  Clinical  Dentistry,  Faculty  of 
Dentistry,  University  of  Oslo.  He  has  an  extensive  record  of  research  articles  and  lecturing  in 
the  field  of  maxillofacial  imaging  around  the  world  with  a  particular  focus  on  the  temporoman¬ 
dibular  joint.  Professor  Westesson  is  trained  in  both  oral  and  maxillofacial  radiology  and  in 
neuroradiology  and  was  for  many  years  the  chief  of  Diagnostic  and  Interventional 
Neuroradiology  at  the  University  of  Rochester.  He  has  also  an  extensive  record  of  publication 
and  lecturing  around  the  world,  often  on  topics  related  to  the  temporomandibular  joint.  Both 
this  writer  and  our  residents  are  delighted  that  Professors  Larheim  and  Westesson  have  decided 
to  update  and  expand  their  valuable  contribution. 

Stuart  C.  White 
UCLA  School  of  Dentistry 
Los  Angeles,  CA,  USA 
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Preface  from  1  st  Edition 


Dr.  Westesson  (left)  and  Dr.  Larheim  (right) 


There  are  substantial  textbooks  on  head  and  neck  imaging  as  well  as  on  dental  imaging,  but 
since  the  early  1990s,  there  has  been  no  book  focusing  on  the  gap  between  imaging  in  dentistry 
and  in  medicine,  namely,  maxillofacial  imaging.  Emanating  from  dentistry,  maxillofacial  radi¬ 
ology  uses  principles  and  techniques  from  medical  radiology.  There  has  been  a  significant 
advance  in  imaging  technology  during  the  last  15  years,  and  this  maxillofacial  imaging  book 
demonstrates  how  advanced  medical  imaging  technology  can  be  successfully  applied  to  dental 
and  maxillofacial  conditions. 

Dental  radiology  is  mainly  based  on  intraoral  and  panoramic  examinations  with  an  ongoing 
replacement  of  plain  films  with  their  digital  counterparts.  Medical  radiology,  on  the  other 
hand,  is  moving  away  from  projectional  radiography  and  is  using  more  and  more  cross-sec¬ 
tional  imaging  modalities  such  as  computed  tomography  (CT),  magnetic  resonance  (MR) 
imaging,  ultrasound,  and  positron  emission  tomography  (PET).  These  contemporary  and 
advanced  techniques  have  not  been  widely  applied  to  maxillofacial  imaging,  and  the  purpose 
of  this  extensively  illustrated  book  is  to  show  how  advanced  imaging  modalities,  primarily  CT 
and  MRI,  can  be  applied  to  maxillofacial  imaging. 

We  have  built  this  book  around  the  images  rather  than  an  extensive  text  since  we  think  oth¬ 
ers  are  like  us — we  like  to  see  the  images  and  read  the  text  only  if  necessary.  Thus,  the  book  is 
atlas-like  with  a  condensed  and  bulleted  text.  With  all  images  of  the  patient  on  one  or  two 
pages,  the  reader  will  very  quickly  obtain  an  image  overview  of  the  specific  condition. 
Demonstrating  the  use  of  advanced  imaging  techniques  in  dentistry  is  particularly  important 
since  maxillofacial  radiology  has  been  accepted  as  a  specialty  of  dentistry  in  several  countries 
and  the  international  trend  is  a  closer  cooperation  between  professionals  in  dentistry  and  medi¬ 
cine  to  provide  the  best  patient  care.  During  the  writing  of  this  book,  it  has  evolved  into  a 
rather  comprehensive  description  of  maxillofacial  imaging  and  could  easily  be  used  as  the 
foundation  for  building  a  formal  curriculum  in  maxillofacial  radiology. 

The  book  is  divided  into  14  chapters  starting  with  a  quite  comprehensive  chapter  on  normal 
imaging  anatomy  of  the  maxillofacial  structures  followed  by  four  chapters  on  advanced  imag¬ 
ing  of  conditions  of  dental  or  non-dental  etiology,  affecting  the  mandible  and  maxilla.  When 
dentists  get  more  and  more  involved  in  the  imaging  of  maxillofacial  soft  tissues,  knowledge  of 
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both  hard  and  soft  tissues  becomes  mandatory.  Although  the  majority  of  patients  with  jaw  prob¬ 
lems  are  diagnosed  with  intraoral  and  panoramic  (film  or  digital)  examinations,  advanced  imag¬ 
ing  has  become  necessary  for  a  reliable  diagnostic  assessment  of  a  number  of  conditions.  The 
sixth  chapter  is  on  the  temporomandibular  joint.  This  is  valuable  for  professionals  in  both  medi¬ 
cine  and  dentistry  since  many  patients  with  facial  pain  seek  any  doctor  who  gives  hope  of  being 
able  to  help  them  irrespective  of  training  background  and  subspecialty.  The  four  following 
chapters  focus  on  dental  implants,  maxillofacial  trauma  and  fractures,  face  and  skull  deformi¬ 
ties,  and  paranasal  sinuses.  These  regions  are  closely  related  to  the  jaw,  and  many  conditions 
involve  both  the  dental  structures  and  the  adjacent  regions. 

The  following  two  chapters  cover  soft- tissue  imaging  of  the  oral  cavity  and  salivary  glands. 
These  are  important  topics,  since  traditional  dental  and  maxillofacial  imaging  has  been  limited 
to  evaluation  of  the  hard  tissue.  In  Chap.  13,  we  have  focused  on  imaging  abnormalities  of 
structures  adjacent  to  the  maxillofacial  region,  namely,  the  cervical  spine,  neck,  skull  base,  and 
orbit.  It  is  not  our  intention  to  incorporate  these  areas  into  maxillofacial  radiology,  but  we  think 
it  is  important  that  the  maxillofacial  radiologist  has  a  working  understanding  of  what  there  is 
in  the  areas  neighboring  the  maxillofacial  region.  At  the  end,  we  have  included  a  chapter  on 
interventional  maxillofacial  radiology.  Interventional  radiology  is  the  fastest  growing  area  of 
general  medical  radiology,  but  has  not  been  extensively  applied  to  maxillofacial  imaging.  Our 
intention  in  this  chapter  is  to  show  how  minimally  invasive  interventional  radiologic  tech¬ 
niques  can  be  successfully  used  for  maxillofacial  conditions. 

This  book  is  an  attribute  to  the  early  work  of  Dr.  Karl-Ake  Omnell,  who  was  the  pioneer  of 
maxillofacial  radiology.  Already  in  the  late  1960s,  Dr.  Omnell  had  the  vision  of  centralized 
advanced  maxillofacial  imaging  as  a  specialty  of  dentistry  working  closely  with  medical  radi¬ 
ology.  Dr.  Omnell  initiated  the  first  hospital-based  clinic  for  maxillofacial  radiology  in  Sweden, 
and  he  promoted  the  recognition  of  oral  and  maxillofacial  radiology  as  a  specialty  of  dentistry. 
His  pioneer  work  has  later  been  followed  by  many.  We  are  proud  to  present  this  contemporary 
book  on  maxillofacial  imaging  as  an  attribute  to  his  pioneer  work. 

This  book  has  evolved  from  a  friendship  of  more  than  25  years  and  professional  coopera¬ 
tion  between  Drs.  Larheim  and  Westesson.  It  started  around  1980  when  Dr.  Larheim  from  the 
dental  school  in  Oslo,  Norway,  crossed  the  border  to  the  neighboring  country,  Sweden,  and 
visited  Dr.  Westesson  at  the  dental  school  in  Malmo  to  observe  the  performance  of  double¬ 
contrast  arthrotomography  of  the  temporomandibular  joint.  Both  have  been  working  as  maxil¬ 
lofacial  radiologists  ever  since.  Dr.  Larheim  is  currently  the  head  of  the  first  maxillofacial 
radiology  department  outside  Japan  that  installed  its  own  CT  scanner,  recently  replaced  with  a 
multislice  scanner.  Dr.  Westesson  took  another  step  and  went  through  medical  training,  radiol¬ 
ogy  residency,  and  a  neuroradiology  fellowship  and  eventually  became  chief  of  diagnostic  and 
interventional  neuroradiology  at  the  University  of  Rochester.  Their  combined  experience  is 
reflected  in  this  book  on  maxillofacial  imaging. 

Dr.  Larheim  completed  this  work  during  a  sabbatical  stay  at  the  University  of  Rochester 
Medical  Center,  Division  of  Diagnostic  and  Interventional  Neuroradiology,  and  is  highly 
grateful  for  the  support  he  got  from  the  Faculty  of  Dentistry,  University  of  Oslo,  Norway,  and 
the  Research  Council  of  Norway.  Without  this  support,  the  book  would  never  have  been 
accomplished. 

We  would  like  to  express  our  sincere  gratitude  to  our  collaborators  (in  alphabetical  order) 
Drs.  Susan  I.  Blaser,  Naoya  Kakimoto,  Alf  Kolbenstvedt,  Masaki  Oka,  Ravinder  Sidhu,  Hans- 
Jprgen  Smith,  Hanna  Strpmme-Koppang,  and  Geir  St0re,  for  the  fruitful  discussion  of  the  text 
and  contribution  of  good-quality  images.  Special  thanks  goes  to  Dr.  Kakimoto  for  his  hard 
work  in  obtaining  the  best  possible  image  quality  throughout  the  book. 

We  thank  Dr.  Sven  Ekholm  at  the  University  of  Rochester  Medical  Center  and  Drs.  Linda 
Arvidsson  and  Bj0rn  Mork  Knutsen  and  medical  radiographer  Magne  Borge  at  the  Institute  of 
Clinical  Dentistry,  University  of  Oslo,  for  supplying  us  with  images  when  we  were  in  need,  as 
well  as  all  others  from  whom  we  borrowed  their  images;  they  are  acknowledged  in  the 
legends. 
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The  secretarial  work  of  Bj0rg  Jacobsen,  Institute  of  Clinical  Dentistry,  University  of  Oslo, 
Norway,  and  Regina  Cullen  and  Belinda  De  Libero,  University  of  Rochester  Medical  Center, 
Rochester,  NY,  is  highly  appreciated  with  special  thanks  to  Bjprg  reviewing  the  reference  lists. 

We  are  grateful  to  graphic  designer  Margaret  Kowaluk,  University  of  Rochester  Medical 
Center,  Rochester,  NY,  and  photographer  Hakon  Stprmer,  Faculty  of  Dentistry,  University  of 
Oslo,  for  professional  work  with  the  scanning  of  many  images  and  obtaining  some  of  the 
photos. 

Editor  Ute  Heilman  and  desk  editor  Dorthe  Mennecke-Biihler  at  Springer,  as  well  as  pro¬ 
duction  editor  Michael  Reinfarth  and  copy  editor  John  Nicholson,  with  their  professional  skill 
made  this  work  to  our  satisfaction. 

We  are  proud  to  present  this  maxillofacial  imaging  book,  and  we  hope  that  our  work  will 
serve  you  well. 

Rochester,  NY,  USA  Tore  A.  Larheim 

August  2005  Per-Lennart  A.  Westesson 
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We  are  proud  to  present  the  2nd  edition  of  Maxillofacial  Imaging  12  years  after  the  first  edition 
was  released.  This  book  is  the  result  of  many  years  of  clinical  and  academic  work  with  maxil¬ 
lofacial  imaging  at  two  academic  institutions,  namely  University  of  Oslo,  Norway,  and 
University  of  Rochester,  NY,  USA.  Both  institutions  are  leading  in  their  field  and  supplement 
each  other  for  the  collection  of  cases  for  this  book.  Many  of  the  dental  and  maxillofacial  cases 
emanate  from  the  University  of  Oslo  and  the  larger  cases  often  come  from  hospital-based 
University  of  Rochester.  Also  a  third  institution  is  involved  in  this  book,  namely  Oslo  University 
Hospital,  Rikshospitalet.  Many  advanced  cases  are  collected  from  this  hospital  due  to  a  close 
collaboration  between  the  principal  author  of  the  book  and  the  Head  of  Division  of  Radiology 
and  Nuclear  Medicine  for  many  years. 

The  cases  in  the  book  range  from  those  commonly  seen  in  clinical  practice  of  maxillofacial 
imaging  to  many  exceedingly  rare  conditions.  The  book  format  has  allowed  us  to  generously 
illustrate  the  cases  with  imaging  using  multiple  complimentary  techniques.  However,  it  must 
be  emphasized  that  in  routine  clinical  practice  not  all  the  imaging  modalities,  as  applied  in  this 
book,  are  necessary  for  a  satisfactory  imaging  evaluation  of  the  case.  Our  idea  has  been  to 
investigate  and  illustrate  how  precise  a  “pre-histopathologic”  diagnosis  can  be  when  narrowing 
the  differential  diagnostic  field  by  applying  combinations  of  imaging  modalities. 

Imaging  is  a  rapidly  progressing  specialty  of  medicine  and  dentistry.  Over  the  last  several 
years  there  has  been  enormous  progress  with  refined  technology,  widened  applications,  and 
better  understanding  of  pathophysiology.  The  2nd  edition  of  Maxillofacial  Imaging  has  been 
updated  to  reflect  the  current  status  of  maxillofacial  imaging  with  the  use  of  the  most  contem¬ 
porary  techniques;  CT,  cone  beam  CT,  MRI,  nuclear  medicine  including  PET  and  PET/CT,  as 
well  as  ultrasonography.  The  book  has  been  expanded  with  an  additional  chapter  on  cone  beam 
CT.  In  total  more  than  1000  new  individual  images  have  been  added. 

The  new  chapter  on  cone  beam  CT  is  dedicated  to  just  this  technique  that  has  become  the 
standard  for  advanced  maxillofacial  imaging.  Ultrasonography  is  also  making  its  way  into 
maxillofacial  imaging  and  has  been  incorporated  into  the  chapters  throughout  the  book  where 
appropriate  for  imaging  of  soft  tissue  structures.  This  presentation  of  maxillofacial  imaging 
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should  be  the  most  comprehensive  clinical  textbook  on  this  subject  to  date.  Presenting  all 
images  of  one  case  on  one  page  or,  if  necessary,  on  left  and  right  page  and  with  a  short,  bullet 
text,  the  book  should  be  very  friendly  to  read.  Very  quickly  the  reader  will  get  an  overview  of 
a  specific  condition.  Particular  attention  has  of  course  been  paid  to  the  quality  of  images 
throughout  the  book  because  we  radiologists  strongly  believe  that  a  good  image  often  tells  the 
story. 

We  would  like  to  express  our  sincere  gratitude  to  Professor  Hans-Jprgen  Smith,  Oslo 
University  Hospital,  for  supplying  us  with  so  many  nice  cases  and  for  reading  the  text  in  many 
chapters  so  carefully.  We  would  also  like  to  thank  Drs.  Anna- Karin  Abrahamsson,  Linda  Z 
Arvidsson,  Caroline  Hoi,  Margaret  Kristensen  Ottersen,  Bj0rn  Bamse  Mork-Knutsen,  Maria 
Redfors,  and  Ulf  Riis,  Department  of  Maxillofacial  Radiology,  University  of  Oslo,  for  their 
contribution  and  reviewing  the  images  and  the  text  in  Chap.  15. 

Special  thanks  go  to  Higher  Executive  Officer  Bj0rg  M.  Jacobsen  for  excellent  secretarial 
work  throughout  the  new  edition  and  photographer/senior  engineer  Hakon  Stprmer  for  excel¬ 
lent  photographic  work.  The  principal  author  and  the  photographer  have  been  spending  an 
unknown  number  of  hours  to  ensure  that  the  quality  of  each  of  the  individual  images  has  been 
as  good  as  possible  to  illustrate  the  specific  condition.  We  are  also  very  thankful  to  the  techni¬ 
cal  staff  at  the  Department  of  Maxillofacial  Radiology,  University  of  Oslo,  the  Division  of 
Diagnostic  and  Interventional  Radiology,  University  of  Rochester,  and  the  Department  of 
Radiology  and  Nuclear  Medicine,  Oslo  University  Hospital,  for  good-quality  daily  clinical 
work.  This  is  a  prerequisite  to  obtain  high-quality  illustrations  in  a  book  like  this. 

We  would  also  like  to  thank  those  involved  at  Springer  for  their  professional  skill  so  that  the 
final  work  has  been  made  to  our  satisfaction. 

We  are  really  proud  to  present  this  atlas-like  maxillofacial  imaging  book  and  we  hope  that 
our  work  will  serve  you  well. 


Oslo,  Norway 
Rochester,  NY,  USA 


Tore  A.  Larheim 
Per-Lennart  A.  Westesson 
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Abstract 

This  chapter  illustrates  3D  images  of  the  cranium  and  facial  skeleton,  CT  sections  (axial, 
coronal)  of  the  face:  bone  structures,  cone  beam  CT  sections  (panoramic,  cross-sectional) 
of  the  jaws,  schematic  drawing  of  the  floor  of  mouth,  CT  sections  (axial,  coronal)  of  the 
face:  soft-tissue  structures,  MR  sections  (axial,  coronal)  of  the  face,  and  sections  (CT,  MR, 
autopsy,  histology)  of  the  temporomandibular  joint. 


1.1  Introduction 

This  chapter  presents  a  series  of  high-quality  images  on 
maxillofacial  imaging  anatomy.  The  first  intention  is  to 
familiarize  those  working  in  dental  imaging  with  advanced 
maxillofacial  imaging  anatomy.  In  addition  to  3D  CT  and 
cone  beam  3D  CT  images  of  bone  structures,  we  have 
included  CT  and  cone  beam  CT  sections  with  bone  details, 
CT  and  MR  sections  with  soft- tissue  details,  and  a  schematic 
drawing  of  the  floor  of  the  mouth.  General  radiologists  and 
other  specialists  will  benefit  from  the  detailed  description  of 
the  anatomic  structures  of  the  jaws  and  oral  cavity.  The 
description  of  anatomic  details  of  the  jaws  and  teeth  is  pri¬ 
marily  directed  toward  the  medical  profession  since  these 
areas  are  well  known  to  dentists  and  dental  specialists.  The 
temporomandibular  joint  section  should  be  valuable  for  both 
professions,  showing  normal  (asymptomatic  volunteer)  fea¬ 
tures  in  CT  images,  MR  images,  open-mouth  MR  images, 
autopsy  specimen  sections,  bone  marrow  biopsies,  and  fluid- 
and  contrast-enhanced  images. 

The  anatomic  structures  in  Fig.  1.1: 

1 .  Anterior  fontanelle 

2.  Anterior  nasal  spine 

3.  Anterolateral  fontanelle 

4.  Choanae 

5.  Coronal  suture 

6.  Coronoid  process 


7.  External  auditory  canal 

8.  Foramen  magnum 

9.  Frontal  bone 

10.  Frontozygomatic  suture 

11.  Glenoid  fossa 

12.  Hard  palate 

1 3 .  Incisive  foramen 

14.  Infraorbital  foramen 

15.  Lambdoid  suture 

16.  Lateral  pterygoid  plate 

17.  Mandible 

18.  Mandibular  condyle 

19.  Maxilla 

20.  Medial  pterygoid  plate 

2 1 .  Mental  foramen 

22.  Metopic  suture 

23.  Nasal  bone 

24.  Nasofrontal  suture 

25.  Nasomaxillary  suture 

26.  Occipital  bone 

27.  Parietal  bone 

28.  Posterolateral  fontanelle 

29.  Sagittal  suture 

30.  Squamosal  suture 

3 1 .  Temporal  squama 

32.  Zygoma 

33.  Zygomatic  arch 


In  collaboration  with  N.  Kakimoto  •  H.-J.  Smith. 
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1  Maxillofacial  Imaging  Anatomy 


1.2  3D  CT 


Fig.  1 .1  Normal  bone  anatomy  of  the  face  and  skull;  3D  CT  images.  (A-E)  7-month-old,  (F-H)  8-year-old 


1.2  3D  CT 
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Fig.  1.1  (continued) 
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1  Maxillofacial  Imaging  Anatomy 


1 .3  Cone  Beam  3D  CT 


Fig.  1.2  Normal  anatomy  of  facial  skeleton;  3D  cone  beam  CT  images  (A-D)  (courtesy  of  Drs.  A.  G.  Farman  and  W.  C.  Scharfe,  University  of 
Louisville  School  of  Dentistry) 


The  anatomic  structures  in  Figs.  1.2,  1.3,  1.4,  1.5,  1.6, 

I. 8,  1.9,  and  1.10: 

1 .  Adenoidal  tissue  (nasopharyngeal  tonsil) 

2.  Alveolar  recess  of  maxillary  sinus 

3.  Anterior  belly  of  digastric  muscle 

4.  Anterior  nasal  spine 

4A.  Posterior  nasal  spine 

5.  Base  of  tongue 

6.  Buccal  space  fat 

7.  Buccinator  muscle 

8.  Carotid  canal 

9.  Clivus 

10.  Concha  bullosa 

I I .  Coronoid  process 

12.  Crista  galli 

13.  Dens  axis 

14.  Epiglottis 

15.  Ethmoid  sinus 

15 A.  Eustachian  tube 

16.  External  auditory  canal 

17.  External  carotid  artery 

1 8 .  External  j  ugular  vein 

19.  Facial  vein 

20.  Foramen  ovale 


.7,  21.  Foramen  rotundum 

22.  Fossa  of  Rosenmiiller  (lateral  pharyngeal  fold) 

23.  Frontal  bone 

24.  Frontal  process  of  maxilla 

25.  Frontal  sinus 

26.  Genial  process  of  mandible 

27.  Genioglossus  muscle 

28.  Geniohyoid  muscle 

29.  Glenoid  fossa 

30.  Greater  palatine  canal 

3 1 .  Greater  palatine  foramen 

32.  Greater  wing  of  sphenoid  bone 

33.  Hamulus  of  medial  pterygoid  plate 

34.  Hard  palate 

35.  Hyoglossus  muscle 

36.  Hyoid  bone 

37.  Incisive  artery  canal 

38.  Incisive  canal 

39.  Incisive  foramen 

40.  Inferior  meatus 

41.  Inferior  orbital  fissure 

42.  Inferior  turbinate 

43.  Infraorbital  canal 

44.  Infratemporal  fossa 


1.3  Cone  Beam  3D  CT 
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45.  Internal  carotid  artery 

46 .  Internal  j  ugular  vein 

47.  Lacrimal  bone 

48.  Lacrimal  sac  fossa 

49.  Lamina  papyracea  of  ethmoid 

50.  Lateral  pterygoid  muscle 

5 1 .  Lateral  pterygoid  plate 

52.  Lateral  recess  of  sphenoid  sinus 

53.  Lesser  palatine  canal 

54.  Levator  labii  superioris  muscle 

55.  Lingual  septum 

56.  Longus  colli  muscle 

57.  Major  zygomatic  muscle 

58.  Mandible 

59.  Mandibular  alveolar  bone 

60.  Mandibular  canal 

6 1 .  Mandibular  condyle 

62.  Mandibular  foramen 

63.  Mandibular  notch 

64.  Mandibular  ramus 

65.  Mandibular  tooth 

66.  Mandibular  tooth  1,  central  incisor 

67.  Mandibular  tooth  2,  lateral  incisor 

68.  Mandibular  tooth  3,  canine 

69.  Mandibular  tooth  4,  first  premolar 

70.  Mandibular  tooth  5,  second  premolar 

7 1 .  Mandibular  tooth  6,  first  molar 

72.  Mandibular  tooth  7,  second  molar 

73.  Mandibular  tooth  8,  third  molar 

74.  Mandibular  tooth  crown  pulp 

7 5 .  Mandibular  tooth  root 

76.  Mandibular  tooth  root  canal 

77.  Masseter  muscle 

78.  Mastoid  process 

79.  Maxilla 

80.  Maxillary  alveolar  bone 

81.  Maxillary  sinus 

81  A.  Hiatus  semilunaris 
8 IB.  Uncinate  process 

82.  Maxillary  tooth 

83.  Maxillary  tooth  1,  central  incisor 

84.  Maxillary  tooth  2,  lateral  incisor 

85.  Maxillary  tooth  3,  canine 

86.  Maxillary  tooth  4,  first  premolar 

87.  Maxillary  tooth  5,  second  premolar 

88.  Maxillary  tooth  6,  first  molar 

89.  Maxillary  tooth  7,  second  molar 

90.  Maxillary  tooth  8,  third  molar 

9 1 .  Maxillary  tooth  crown  pulp 

92.  Maxillary  tooth  root 

93.  Maxillary  tooth  root  canal 

94.  Maxillary  tuberosity 

95.  Medial  pterygoid  muscle 

96.  Medial  pterygoid  plate 

97.  Medial  wall  of  maxillary  sinus 


98.  Mental  foramen 

99.  Middle  meatus 

100.  Middle  turbinate 

101.  Middle  suture  of  hard  palate 

102.  Mylohyoid  line  (ridge) 

103.  Mylohyoid  muscle 

104.  Nasal  ala 
104A  Nasal  bone 

105.  Nasal  cavity  airway 

106.  Nasal  septum 

107.  Nasal  vestibule 

108.  Nasofrontal  suture 

109.  Nasolacrimal  canal 

110.  Nasopharynx 

111.  Olfactory  recess 

112.  Orbicularis  oris  muscle 

113.  Orbit 

114.  Oropharynx 

115.  Palatal  recess  of  maxillary  sinus 

116.  Palatine  tonsil 

117.  Parapharyngeal  space 

118.  Parotid  gland 

119.  Parotid  gland,  accessory 

120.  Parotid  gland,  deep  lobe 

121.  Parotid  gland,  superficial  lobe 

122.  Perpendicular  plate  of  ethmoid  bone 

123.  Platysma  muscle 

124.  Posterior  belly  of  digastric  muscle 

125.  Pterygoid  fossa 

126.  Pterygoid  process  of  sphenoid 

127.  Pterygomandibular  space 

128.  Pterygopalatine  fossa 

129.  Retromandibular  vein 

130.  Retromolar  trigone 

131.  Soft  palate 

132.  Sphenoid  bone 

133.  Sphenoid  sinus 

134.  Sphenoid  sinus  septum 

135.  Sphenozygomatic  suture 

136.  Stensen’s  duct 

137.  Sternocleidomastoid  muscle 

138.  Styloid  process 

139.  Sublingual  gland 

140.  Sublingual  space 

141.  Submandibular  gland 

142.  Submandibular  space 

143.  Submental  space 

144.  Superior  turbinate 

145.  Temporalis  muscle 

146.  Tongue,  oral 

147.  Torus  tubarius 

148.  Uvula 

149.  Vomer 

150.  Zygoma 

151.  Zygomatic  arch 
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1  Maxillofacial  Imaging  Anatomy 


1 .4  CT  Sections:  Bone  Structures 


Axial 


Fig.  1.3  Normal  bone  anatomy  of  face;  axial  CT  images  from  superior  (A)  to  inferior  (J) 


1.4  CT  Sections:  Bone  Structures 
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Fig.  1 .3  (continued) 
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1  Maxillofacial  Imaging  Anatomy 


Coronal 


Fig.  1.4  Normal  bone  anatomy  of  face;  coronal  CT  images  from  anterior  (A)  to  posterior  (J) 


1.4  CT  Sections:  Bone  Structures 
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Fig.  1 .4  (continued) 
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1  Maxillofacial  Imaging  Anatomy 


1 .5  Cone  Beam  CT  Sections 


Fig.  1.5  Normal  bone  anatomy  of  the  maxilla  and  mandible;  cone  cross-sectional  images  of  posterior  part  of  right  mandible.  (C)  Cross¬ 
beam  CT  images.  (A)  Panoramic  view  of  the  maxilla  (upper)  and  man-  sectional  images  of  anterior  part  of  right  mandible  (courtesy  of  Drs. 
dible  (lower)-,  arrow  metallic  reference  ball.  (B)  Scout  view  with  S.  C.  White  and  S.  Tetradis,  UCLA  School  of  Dentistry) 


1.6  Schematic  Drawing:  Floor  of  the  Mouth 
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Fig.  1 .5  (continued) 


Fig.  1.6  Normal  floor  of  the  mouth  anatomy;  schematic  drawing  of  one  axial  and  two  coronal  sections  (reproduced  with  permission  from  Aasen 
and  Kolbenstvedt  1992) 
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1  Maxillofacial  Imaging  Anatomy 


1.7  CT  Sections:  Soft-Tissue  Structures 


Axial 


Fig.  1.7  Normal  soft-tissue  anatomy  of  the  face;  axial  CT  images  from  superior  (A)  to  inferior  (D) 


1 .7  CT  Sections:  Soft-Tissue  Structures 
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Coronal 


Fig.  1.8  Normal  soft- tissue  anatomy  of  the  face;  coronal  CT  images  from  anterior  (A)  to  posterior  (D) 
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1  Maxillofacial  Imaging  Anatomy 


1.8  MR  Sections 


Axial 


Fig.  1.9  Normal  anatomy  of  the  face;  axial  Tl-  and  T2-weighted  MR  images  from  superior  (A)  to  inferior  (G) 


1.8  MR  Sections 
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Fig.  1 .9  (continued) 
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1  Maxillofacial  Imaging  Anatomy 


Coronal 


Fig.  1.10  Normal  anatomy  of  the  face;  coronal  T1 -weighted  post-Gd  MR  images  from  anterior  (A)  to  posterior  (C) 


1.9  Temporomandibular  Joint 
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The  anatomic  structures  in  Figs.  1.11,  1.12,  1.13,  1.14, 
1.15,  1.16,  1.17,  and  1.18: 

1 .  Anterior  band  of  articular  disc 

2.  Articular  disc 

3.  Articular  tubercle  (eminence) 

4.  Glenoid  fossa 

5 .  Inferior  j  oint  space 

6.  Intermediate  (central)  thin  zone 

7.  Lateral  pterygoid  muscle  raphe 

8.  Interior  head  of  lateral  pterygoid  muscle 

9.  Mandibular  condyle  (head) 

10.  Mandibular  condyle  articulating  surface 


1 1 .  Mandibular  condyle  marrow 

12.  Posterior  band  of  articular  disc 

13.  Posterior  disc  attachment 

1 4 .  Superior  j  oint  space 

15.  Superior  head  of  lateral  pterygoid  muscle 


1 .9  Temporomandibular  Joint 

Proton  density  (PD)- weighted  or  T1 -weighted  sequences  are 
applied  to  obtain  oblique  sagittal  and  oblique  coronal  MR 
images,  if  sequences  are  not  mentioned  in  legends. 


Fig.  1.11  Normal  temporomandibular  joint  bone,  disc,  and  function;  MRI  (cursor  lines  for  oblique  sagittal  images).  (E,  K)  Oblique  sagittal 

47-year-oldmale  with  myalgia.  (A-F)  Right  joint.  (G-L)  Left  joint.  (A,  open-mouth  gradient-echo  MRI.  (F,  L)  Axial  MRI  (cursor  lines  for 

G)  Oblique  sagittal  CT  at  closed  mouth.  (B,  H)  Oblique  sagittal  MRI  at  oblique  coronal  images) 
closed  mouth.  (C,  I)  Oblique  coronal  MRI  at  closed  mouth.  (D,  J)  Axial 
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1  Maxillofacial  Imaging  Anatomy 


Fig.  1.1 2  Normal  bone  and  disc  (mid-condyle)  anatomy;  MRI  (A,  B)  and  autopsy  specimen  (C,  D).  (A)  Oblique  sagittal  MRI.  (B)  Oblique  coro¬ 
nal  MRI.  (C)  Oblique  sagittal  autopsy  section.  (D)  Oblique  coronal  autopsy  section 


Fig.  1.13  Normal  bone  and  disc  anatomy,  asymptomatic  volunteers;  oblique  sagittal  MRI.  (A)  9-year-old,  (B)  40-year-old,  (C)  56-year-old  (C 
reproduced  with  permission  from  Larheim  et  al.  2001a) 


1.9  Temporomandibular  Joint 
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Fig.  1.14  Normal  bone  and  disc  anatomy  throughout  joint,  asymptomatic  volunteer;  oblique  sagittal  MRI  from  lateral  (A)  to  medial  (E).  Oblique 
sagittal  autopsy  sections  from  lateral  (F)  to  medial  (H) 
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1  Maxillofacial  Imaging  Anatomy 


Fig.  1.15  Partial  disc  displacement  (disc  displaced  only  in  one  part  of 
the  joint)  with  reduction,  asymptomatic  volunteer;  oblique  sagittal  MRI 
(A-C)  and  oblique  sagittal  sections  of  autopsy  specimen  (D,  E).  (A,  D) 
Lateral  sections  show  anteriorly  displaced  disc.  (B,  E)  Centromedial 


sections  show  normally  located  disc.  (C)  Open-mouth  MRI  shows  nor¬ 
mally  located  disc  (A-C  reproduced  with  permission  from  Larheim 
et  al.  2001a) 


Fig.  1.16  Normal  bone  and  disc  anatomy,  asymptomatic  volunteer;  i.v.  injection  of  contrast  medium.  (A)  Oblique  sagittal  T1 -weighted  pre-Gd 
and  (B)  oblique  sagittal  T1  -weighted  post-Gd  MRI  show  no  or  minimal  contrast  enhancement 


Fig.  1 .1 7  Joint  fluid,  asymptomatic  volunteer.  (A)  Oblique  sagittal  T1 -weighted  and  (B)  oblique  sagittal  T2-weighted  MRI  show  increased  signal 
intensity  from  upper  joint  space  of  anterior  recess  on  T2-weighted  image  (reproduced  with  permission  from  Larheim  et  al.  2001b) 


Suggested  Reading 
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Fig.  1.18  Normal  mandibular  condyle  bone  marrow  histology,  patient 
surgically  treated  for  painful  disc  displacement  and  osteoarthritis;  MRI 
(A,  B)  and  core  biopsy  (C).  (A)  Oblique  sagittal  T1 -weighted  and  (B) 
oblique  sagittal  T2-weighted  MRI  show  normal  homogeneous  signal 


Suggested  Reading 
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obstructed  submandibular  duct.  Acta  Radiol  33:414-419 
Abrahams  JJ,  Rock  R,  Hayt  MW  (2003)  Embryology  and  anatomy  of 
the  jaw  and  dentition.  In:  Som  PM,  Curtin  HD  (eds)  Head  and  neck 
imaging,  4th  edn.  Mosby,  St.  Louis,  pp  889-906 
Brooks  SL,  Westesson  P-L,  Eriksson  L,  Hansson  LG,  Barsotti  JB 
(1992)  Prevalence  of  osseous  changes  in  the  temporomandibular 
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Jaw  Cysts  and  Cyst-Like  Conditions 
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Abstract 

This  chapter  illustrates  cysts;  periapical  and  residual  cyst,  paradental  cyst,  lateral  periodon¬ 
tal  cyst,  incisive  canal  cyst,  follicular  (dentigerous)  cyst,  glandular  odontogenic  cyst,  and 
cyst-like  conditions;  simple  bone  cyst,  Stafne  bone  cyst,  and  retention  cyst. 


2.1  Introduction 

Cysts  in  the  jaws  are  common  and  mostly  diagnosed  and  man¬ 
aged  by  general  dental  practitioners  and  dental  specialists 
using  intraoral  or  panoramic  radiography.  However,  advanced 
imaging  modalities  are  increasingly  used  to  assess  more  pre¬ 
cisely  those  that  are  larger  and  cannot  be  adequately  diagnosed, 
i.e.,  distinguished  from  other  types  of  lesions,  with  conven¬ 
tional  radiography.  Advanced  imaging  is  particularly  valuable 
for  lesions  in  the  maxilla  to  assess  their  impact  on  neighboring 
structures.  We  present  a  number  of  cases  richly  illustrated, 
including  CT  and  MR  images,  to  give  specialists  both  in  the 
dental  and  in  the  medical  field  an  opportunity  to  become  famil¬ 
iar  with  the  spectrum  of  appearances  they  represent. 


2.2  Cysts 
2.2.1  Definition 

Epithelial-lined  cavity  containing  fluid  or  semifluid  material, 
surrounded  by  fibrous  tissue. 

Most  jaw  cysts  originate  from  odontogenic  epithelial  resi¬ 
dues  after  tooth  development. 

A  jaw  cyst  may  also  be  defined  as  a  pathological  cavity 
having  fluid,  semifluid,  or  gaseous  contents  and  which  is  not 
created  by  accumulation  of  pus. 

Although  cysts  in  general  are  epithelial-lined,  there  are 
non-epithelial-lined  cysts,  which  most  pathologists  prefer  to 
describe  as  pseudocysts.  Those  included  in  this  chapter  are 


In  collaboration  with  H.-J.  Smith  •  H.  Str0mme  Koppang. 


described  under  the  heading  Cyst-Like  Conditions. 

Aneurysmal  bone  cyst,  also  named  aneurysmal  bone  cavity,  is 

described  in  Chap.  3  under  the  heading  Tumorlike  Conditions. 

2.2.2  Clinical  Features  (General) 

-  Usually  an  incidental  imaging  finding 

-  Occasional  swelling  and  jaw  asymmetry 

-  No  pain  if  not  infected 

2.2.3  Imaging  Features  (General) 

-  Radiolucency  in  bone  (density  in  the  maxillary  sinus) 

-  Unilocular  round,  oval  or  scalloped,  or  influenced  by  sur¬ 
rounding  structures 

-  Border  well-defined  thin,  uniform,  intact,  and  sclerotic 

-  May  expand  bone 

-  May  displace  or  resorb  teeth 

-  May  displace  walls  of  the  maxillary  sinus,  nasal  cavity, 
and  mandibular  canal 

-  When  secondarily  infected,  border  may  become  destroyed 
or  more  sclerotic 

-  Rarely,  border  may  show  defect  also  without  infection 

-  Rarely,  calcified  tissue  may  be  produced 

-  T1 -weighted  MRI:  homogeneous  intermediate  signal 
(fluid  content)  or  occasionally  homogeneous  high  signal 
(cholesterol  content) 

-  T2-weighted  and  STIR  MRI:  homogeneous  high  or  occasion¬ 
ally  homogeneous  low  signal  or  occasionally  heterogeneous 
signal  (high  to  intermediate  to  low),  consistent  with  fluid  or 
semifluid  (large  molecules,  granulation  tissue)  content 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


-  T1 -weighted  post-Gd  MRI:  no  enhancement,  or  enhance¬ 
ment  of  peripheral  thin  rim  (partial  or  complete),  consis¬ 
tent  with  cyst  capsule 

-  T1 -weighted  and  T2- weighted  MRI:  homogeneous  high 
signal  reported  to  be  specific  for  nasopalatine  duct  cyst 

For  the  pseudocysts;  simple  bone  cyst,  Stafne  bone  cyst, 
and  retention  cyst,  see  specific  features  under  each  entity. 


2.3  Periapical  Cyst 

Figs.  2.1,  2.2,  2.3,  2.4,  2.5,  2.6,  2.7,  2.8,  2.9,  and  2.10 

Synonyms:  Radicular  cyst  (WHO),  apical  periodontal  cyst, 
dental  cyst 

2.3.1  Definition 

Cyst  arising  from  epithelial  residues  (rests  of  Malassez)  in 
periodontal  ligament  as  a  consequence  of  inflammation,  usu¬ 
ally  following  death  of  dental  pulp  (WHO). 

Fig.  2.1  Periapical  cyst,  mandible; 
asymptomatic,  nonvital  tooth  root.  (A) 

Panoramic  view  shows  round  radiolucency 
with  sclerotic  border  (arrow).  (B)  Surgically 
removed  tooth  with  cyst  (arrow) 


By  histologic  sectioning  of  periapical  lesions,  two  types 
of  periapical  cysts  have  been  demonstrated:  one  type  with  a 
close  connection  to  tooth  root  (“pocket”  cyst)  and  another 
type  without  such  a  connection  (“true”  cyst). 

2.3.2  Clinical  Features 

-  Odontogenic 

-  Inflammatory 

-  At  or  around  a  tooth  root  or  lateral  to  root 

-  Nonvital  tooth 

-  Most  common  type  of  jaw  cyst 

-  Maxilla  and  mandible 

-  Anterior  region  of  the  maxilla  in  particular 

-  Males  more  frequent  than  females 

-  All  ages,  particularly  third  and  fourth  decades,  but  seldom 
in  deciduous  dentition 


Fig.  2.2  Periapical  cyst,  mandible;  44-year-old  male  with  incidental 
finding  at  routine  dental  radiography.  (A)  Panoramic  view  shows  oval 
radiolucency  (arrow)  with  connection  to  first  molar  (nonvital). 
(B)  Axial  and  (C)  axial  (with  cursor  line)  CT  images  show  minimal 


buccolingual  expansion  (arrow).  (D)  Oblique  sagittal  CT  image  con¬ 
firms  connection  between  radiolucency  and  mesial  root  of  first  molar. 
Note  small  periapical  radiolucency  at  distal  root  of  first  molar 
(arrowhead) 


2.3  Periapical  Cyst 
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Fig.  2.3  Periapical  cyst  development,  maxilla;  32-year-old  female 
with  some  discomfort  and  palatal  swelling  in  left  molar  region.  (A) 
Intraoral  view  shows  periapical  radiolucency  at  second  molar  (arrow). 


(B)  Panoramic  view  confirms  radiolucency  (arrow).  (C)  Panoramic 
view  2  years  previously  shows  normal  bone  (arrow) 


Fig.  2.4  Periapical  cyst,  maxilla;  23-year-old  female  with  some  dis-  lack  of  sinus  delineation  (compared  with  right  side).  (B,  C  Axial,  D) 
comfort  and  pressure  in  the  left  maxilla.  (A)  Panoramic  view  shows  oblique  sagittal,  and  (E)  coronal  CT  images  show  radiopacity  with  thin 
periapical  radiolucency  in  the  left  maxilla/maxillary  sinus  (arrow)  with  corticated  outline  in  the  left  maxillary  sinus  (arrow) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


Fig.  2.5  Periapical  cyst,  maxilla;  38-year-old  male  with  some  discom¬ 
fort  and  swelling  of  mucobuccal  fold;  nonvital  right  lateral  incisor.  (A) 
Coronal  CT  image  shows  expansive  process  displacing  part  of  nasal 


cavity,  with  intact  and  sclerotic  border,  occupying  most  of  the  right 
maxillary  sinus  (arrow).  (B)  Axial  CT  image  shows  scalloped  process 
destroying  alveolar  bone  and  hard  palate  (arrow) 


Fig.  2.6  Periapical  cyst,  maxilla;  26-year-old  male  with  buccal  swell¬ 
ing  in  front  area.  Sagittal  CT  image  shows  radiolucency  with  expansion 
and  thin  corticated  outline  (arrow)  and  caries  destruction  to  pulp  on 
nonvital  incisor 


Fig.  2.7  Periapical  cyst,  maxilla;  58-year-old  female  with  incidental 
finding  at  routine  dental  radiography,  nonvital  central  incisor.  Sagittal 
T1 -weighted  MRI  shows  oval  expansive  process  with  homogeneous 
high  signal  (arrow) 


2.3  Periapical  Cyst 
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Fig.  2.8  Periapical  cyst,  maxilla;  45 -year-old  female  with  incidental 
finding  at  routine  dental  radiography,  nonvital  left  lateral  incisor.  (A) 
Panoramic  view  shows  round  process  (more  dense  than  air)  with  scle¬ 
rotic  border  (arrows).  (B)  Axial  CT  image  shows  expansive  process 
(arrow)  with  intact  sclerotic  border  in  the  maxillary  sinus  (arrowhead). 


(C)  Axial  T2-weighted  MRI  shows  high-signal  content  (arrow)  above 
intermediate- signal  content  in  dependent  part;  arrowhead  fluid  level. 

(D)  Axial  T1 -weighted  pre-Gd  MRI  shows  homogeneous  intermediate 
signal  (arrow).  (E)  Axial  T1 -weighted  post-Gd  MRI  shows  no  enhance¬ 
ment  except  a  thin  peripheral  rim  (arrow) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


Fig.  2.9  Periapical  cyst,  maxilla;  13-year-old  female  with  painless 
swelling  of  mucobuccal  fold  and  nonvital  left  lateral  incisor,  with  previ¬ 
ous  pain  from  incisor.  (A)  Panoramic  view  shows  radiolucency  with 
partially  sclerotic  border  in  alveolar  process  around  left  lateral  incisor 
and  lack  of  sinus  demarcation  (arrow)  and  deviation  of  central  incisor 
and  canine.  (B)  Coronal  CT  image  shows  expansive  process  with  scle¬ 
rotic  border  around  incisor  (arrow).  (C)  Coronal  CT  image  shows  pro¬ 


cess  occupying  most  of  the  maxillary  sinus  with  a  very  thin  sclerotic 
border  (arrow).  (D)  Coronal  STIR  MRI  shows  homogeneous  high- 
signal  content  (arrow).  (E)  Coronal  T1 -weighted  post-Gd  MRI  shows 
no  enhancement  except  peripheral  rim  (arrow).  (F)  Coronal 
T1 -weighted  post-Gd  MRI  shows  rim  of  enhancement  and  displace¬ 
ment  of  teeth  (arrow) 


2.4  Residual  Cyst 
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Fig.  2.10  Periapical  cyst,  maxilla,  with  abscess  development;  14-year- 
old  male  with  swelling  of  mucobuccal  fold,  pain,  foul  odor,  and  nonvi- 
tal  right  central  incisor.  (A)  Coronal  CT  image  shows  expansive  process 
with  well-defined  border  (arrow),  thin  and  perforated  on  right  side 
(arrowhead).  (B)  Axial  CT  image  shows  process  (arrow)  with  no  scle¬ 


rotic  border  in  alveolar  bone  on  right  side.  (C)  Axial  CT  image,  soft- 
tissue  window,  shows  cyst  in  alveolar  process  (arrow)  with  inflammatory 
exudate  (hypodense  area)  along  buccal  surface  and  elevation  of  the 
periosteum  (arrowhead) 


2.4  Residual  Cyst 


Fig.  2.11 

2.4.1  Definition 

Periapical  cyst  which  is  retained  in  the  jaw  after  removal  of 
the  associated  tooth  (WHO). 


2.4.2  Clinical  Features 

-  Odontogenic,  but  without  a  close  connection  to  a  neigh¬ 
boring  tooth  root 

-  See  Periapical  Cyst 


Fig.  2.11  Residual  cyst,  mandible;  asymptomatic,  teeth  were  extracted 
many  years  previously.  Intraoral  view  shows  round  radiolucency  with 
sclerotic  border  (arrow) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


2.5  Paradental  (Mandibular  Infected 
Buccal)  Cyst 

Figs.  2.12,  2.13,  2.14,  2.15,  2.16,  and  2.17 

Synonyms:  Mandibular  buccal  bifurcation  cyst,  inflamma¬ 
tory  paradental  cyst,  inflammatory  collateral  cyst  (WHO) 

2.5.1  Definition 

Cyst  occurring  near  to  cervical  margin  of  lateral  aspect  of 
root  as  a  consequence  of  inflammatory  process  in  periodon¬ 
tal  pocket  (WHO). 


2.5.2  Clinical  Features 

-  Odontogenic 

-  Inflammatory 

-  Mandible,  usually  first  molars 

-  Unilateral  or  bilateral 

-  Vital  teeth 

-  6-8  years  of  age 

-  Distinctive  form  may  occur  at  mandibular  molars,  most 
commonly  third  molars  associated  with  a  history  of 
pericoronitis 


Fig.  2.12  Paradental  cyst,  mandible;  18-year-old  female  with  routine  view  4  months  later  shows  radiolucency  (arrow).  (C)  Axial,  (D)  axial 
dental  radiography  of  implant  in  the  maxilla.  (A)  Panoramic  view  (with  cursor  line),  and  (E)  oblique  coronal  CT  images  show  radiolu- 
shows  normal  bone  at  right  mandibular  wisdom  tooth.  (B)  Panoramic  cency  buccally  located  (arrow) 


2.5  Paradental  (Mandibular  Infected  Buccal)  Cyst 
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Fig.  2.13  Paradental  cyst,  mandible,  periosteal  reaction;  19-year-old  (B)  Axial,  (C)  axial  (with  cursor  line),  and  (D)  coronal  CT  images  show 
female  with  variable  discomfort  in  right  wisdom  tooth  region.  (A)  buccal  radiolucency  (arrow  in  B)  with  periosteal  bone  formation  (arrow 
Panoramic  view  shows  radiolucency  posterior  to  wisdom  tooth  (arrow).  in  D) 


Fig.  2.14  Paradental  cyst,  bilateral,  mandible;  13-year-old  male  with-  lucency  located  buccally  (arrow).  (C)  Axial,  (D)  axial  (with  cursor 

out  symptoms  (routine  control  at  orthodontist).  (A)  Panoramic  view  line),  and  (E)  coronal  CT  images  confirm  radiolucency  buccal  to  sec- 

shows  periapical  radiolucency  in  the  left  mandible  at  second  molar  ond  molar  (arrow).  Note  also  periosteal  bone  apposition 
(arrow).  (B)  Occlusal  (axial)  view  shows  tilted  second  molar  and  radio- 


32 


2  Jaw  Cysts  and  Cyst-Like  Conditions 


Fig.  2.15  Paradental  cyst,  mandible;  7-year-old  male  with  variable 
right-sided  perimandibular  swelling  and  pain.  (A)  Panoramic  view 
shows  radiolucency  in  root  area  of  first  molar  (arrow).  (B)  Axial  and 
(C)  axial  (with  cursor  line)  CT  images  show  buccally  located  radiolu¬ 
cency  with  expansion  at  first  molar  (arrow).  (D)  Oblique  coronal  CT 


image  shows  marginal  communication  to  expansion  (arrow).  (E) 
Peroperative  photograph  confirms  marginal  communication  (arrow) 
(E:  courtesy  of  Dr.  B.  B.  Herlofson,  University  of  Oslo,  Norway).  (F) 
One-year  and  (G)  2-year  postoperative  panoramic  views  show  good 
healing  at  first  molar  in  the  right  mandible  (arrow) 


2.5  Paradental  (Mandibular  Infected  Buccal)  Cyst 
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Fig.  2.16  Paradental  cyst,  mandible;  7-year-old  male  with  right  peri- 
mandibular  swelling  and  pain.  (A)  Panoramic  view  shows  no  abnor¬ 
malities.  (B)  Coronal  CT  image  shows  buccal  cystic  radiolucency  in 
molar  area  (arrow).  (C)  Axial  CT  image  shows  periosteal  reaction 
(arrowhead).  (D)  Axial  T1  -weighted  pre-Gd  MRI  shows  intermediate 
(to  low)  signal  (< arrowhead );  asterisk  area  of  bone  destruction.  (E) 


Axial  T1  -weighted  fat  sat  post-Gd  MRI  shows  contrast  enhancement  in 
bone  destruction  (asterisk)  and  in  buccal  soft  tissue  (arrowhead).  (F) 
Axial  STIR  MRI  shows  diffuse  but  intense  signal  in  buccal  soft  tissue, 
indicating  inflammatory  response  (arrowhead)-,  asterisk  area  of  bone 
destruction 
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Fig.  2.17  Paradental  cyst,  bilateral,  mandible;  8-year-old  male  with 
right  perimandibular  swelling  and  pain.  (A)  Panoramic  view  suggests 
small  radiolucency  in  root  area  of  first  molar  (arrow).  (B)  Axial  CT 
image  shows  buccal  oval  bone  cavities  bilaterally  at  first  molars 
(arrows),  with  sclerotic  outline  on  left  side  and  with  cortical  defect  on 
more  severely  inflamed  right  side.  (C)  Axial  CT  image  shows  periosteal 


bone  reaction  (arrowhead).  (D)  Axial  STIR  MRI  shows  bilateral  high 
signal  at  first  molars  (arrows);  homogeneous  signal  on  left  side  and 
double  contour  with  heterogeneous  signal  on  right  side.  (E)  Coronal 
STIR  MRI  shows  bilateral  cysts  with  different  shapes  and  signals 
(arrows) 


2.6  Lateral  Periodontal  Cyst 
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2.6  Lateral  Periodontal  Cyst 

Figs.  2.18  and  2.19 

2.6.1  Definition 

Cyst  occurring  on  lateral  aspect  or  between  roots  of  vital 
teeth  and  arising  from  odontogenic  epithelial  remnants,  but 
not  as  a  result  of  inflammatory  stimuli  (WHO). 


2.6.2  Clinical  Features 

-  Odontogenic 

-  Developmental 

-  Vital  teeth  with  normal  periodontal  ligament 

-  Mandibular  premolar  and  maxillary  anterior  regions  in 
particular 

-  Wide  age  distribution 


Fig.  2.18  Lateral  periodontal  cyst,  maxilla;  35-year-old  male  with  shows  oval  radiolucency  with  sclerotic  border  in  alveolar  process 

incidental  finding  at  routine  dental  radiography;  vital  teeth.  (A)  Intraoral  medial  to  incisor  (arrow).  (C)  Coronal  CT  image  shows  radiolucency 

view  shows  oval  periapical  radiolucency  with  sclerotic  border  (arrow)  (arrow)  separate  from  incisive  canal  (arrowhead) 
and  normal  apical  periodontal  ligament  of  teeth.  (B)  Coronal  CT  image 
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Fig.  2.19  Lateral  periodontal  cyst,  mandible;  pain-free  swelling  in  left 
mandibular  canine  area.  (A)  Panoramic  and  (B)  intraoral  views  show 
periapical  radiolucency  with  sclerotic  border  at  canine  and  first  premo- 

2.7  Incisive  Canal  Cyst 

Figs.  2.20,  2.21,  and  2.22 

Synonym:  Nasopalatine  duct  cyst  (WHO) 

2.7.1  Definition 

Cyst  arising  from  epithelial  residues  in  nasopalatine  (inci¬ 
sive)  canal  (WHO). 


lar  (arrow)  and  apparently  normal  periodontal  ligament  space  at  apex  of 
intact  canine  and  first  premolar 


2.7.2  Clinical  Features 

-  Non-odontogenic 

-  Developmental 

-  Located  in  nasopalatine  canal 

-  Vital  teeth 

-  Males  more  frequent  than  females 

-  Fourth  decade  and  older 


Fig.  2.20  Incisive  canal  cyst,  maxilla;  60-year-old  male  with  inciden¬ 
tal  finding  at  routine  dental  radiography.  (A)  Intraoral  occlusal  view 
shows  round  radiolucency  in  midline  with  sclerotic  border  (arrow)  and 


Fig.  2.21  Incisive  canal  cyst,  maxilla;  27-year-old  male  with  inciden¬ 
tal  finding  at  routine  dental  radiography.  Axial  CT  image  shows  radio¬ 
lucency  in  midline  with  sclerotic  border  (arrow)  and  communication  to 
bone  destruction  at  incisor.  Also  bone  destruction  at  other  incisor 
(arrowhead) 


normal  apical  periodontal  ligament.  (B)  Coronal  CT  image  shows 
radiolucency  with  sclerotic  border  (arrow) 


2.8  Follicular  Cyst 
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Fig.  2.22  Incisive  canal  cyst;  painless  swelling  of  palate,  vital  teeth.  Panoramic  and  intraoral  views  show  large  cyst  ( arrows )  resorbing  tooth  roots 


2.8  Follicular  Cyst 

Figs.  2.23,  2.24,  2.25,  2.26,  2.27,  2.28,  and  2.29 
Synonym:  Dentigerous  cyst 

2.8.1  Definition 

Cyst  which  encloses  crown  and  is  attached  to  the  neck  of 
unerupted  tooth.  It  develops  by  accumulation  of  fluid 
between  reduced  enamel  epithelium  and  crown  or  between 
layers  of  reduced  enamel  epithelium  (WHO). 


Fig.  2.23  Follicular  cyst,  maxilla;  54-year-old  male  with 
incidental  finding  at  paranasal  sinus  examination.  Coronal  CT 
image  shows  expansive  process  (arrow)  around  crown  of 
impacted  third  molar  (asterisk) 


2.8.2  Clinical  Features 

-  Odontogenic 

-  Developmental 

-  Around  tooth  crown 

-  Mandibular  third  molar  and  second  premolar,  maxillary 
canine  and  third  molar 

-  Males  more  frequent  than  females 

-  All  ages,  particularly  second  to  fourth  decades 
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Fig.  2.24  Follicular  cyst,  maxilla;  8-year-old  male  with  incidental 
finding  when  examined  for  an  unerupted  lateral  incisor.  (A)  Panoramic 
view  shows  radiolucency  and  two  unerupted  teeth  (arrow).  (B)  Coronal 
CT  image  shows  process  with  sclerotic  border  (arrow)  around  crown  of 


canine  (asterisk).  (C)  Coronal  STIR  MRI  shows  homogeneous  high- 
signal  content  (arrow).  (D)  Coronal  CT  image  shows  cyst  (arrow) 
around  crown  of  lateral  incisor  (asterisk) 


2.8  Follicular  Cyst 
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Fig.  2.25  Follicular  cyst,  maxilla;  13-year-old  female  examined  for 
unerupted  maxillary  right  first  premolar.  (A)  Panoramic  view  shows 
expansive  process,  partially  with  sclerotic  outline  (arrow)  in  the  right 
maxillary  sinus,  and  an  odontoma  (arrowhead).  (B)  Axial  CT  image 
shows  expansive  radiolucency  and  root  resorption  (arrow)  and  complex 
odontoma  (arrowhead)  in  alveolar  process.  (C)  Axial  CT  image  shows 
process  occupying  the  entire  maxillary  sinus  with  expanded  walls 


(arrow).  (D)  Axial  T2- weighted  MRI  shows  homogeneous  high  signal 
(arrow).  (E)  Coronal  STIR  MRI  shows  homogeneous  high  signal 
(arrow).  (F)  Axial  T1  -weighted  pre-Gd  MRI  shows  homogeneous 
intermediate  signal  (arrow).  (G)  Axial  T1 -weighted  post-Gd  MRI 
shows  no  enhancement  except  peripheral  rim  (arrow).  (H)  Coronal 
T1  -weighted  post-Gd  MRI  shows  no  enhancement  except  peripheral 
rim  (arrow) 
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Fig.  2.26  Follicular  cyst,  mandible;  10-year-old  male  with  minimal 
symptoms.  (A)  Panoramic  view  shows  radiolucency  in  the  right  man¬ 
dible  (arrow).  (B)  Axial  CT  image  shows  expansive  lesion  with  thin 
corticated  outline  (arrow).  (C)  Axial  T2- weighted  MRI  shows  homoge¬ 
neous  high  signal  intensity  (arrow).  (D)  Axial  T1 -weighted  pre-Gd  and 


(E)  axial  T1 -weighted  post-Gd  MRI  show  no  contrast  enhancement 
except  in  thin  peripheral  rim  (arrow).  (F)  Axial  diffusion- weighted 
MRI  and  (G)  ADC  map  indicate  high  degree  of  diffusion  within  cyst 
(arrow).  (H)  2-year  postoperative  panoramic  view  shows  good  bone 
healing 


2.8  Follicular  Cyst 
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Fig.  2.27  Follicular  cyst,  mandible;  38-year-old  female  with  inciden¬ 
tal  finding  at  routine  dental  radiography.  (A)  Panoramic  view  shows 
radiolucency  with  sclerotic  border  around  crown  of  impacted  third 
molar  and  root  resorption  of  molars  (arrow).  (B)  Axial  CT  image  shows 
process  with  intact  cortical  bone  (arrow)  and  part  of  impacted  third 
molar.  (C)  Oblique  coronal  CT  image  shows  process  around  crown  of 
third  molar  with  intact  cortical  bone  expanding  lingually  (arrow)  and 


buccally.  (D)  Axial  T2-weighted  MRI  shows  heterogeneous  signal  con¬ 
tent:  homogeneous  high  signal  in  one  part  and  heterogeneous  low  to 
intermediate  signal  close  to  impacted  tooth  (arrow).  (E)  Axial 
T1  -weighted  pre-Gd  MRI  shows  homogeneous  intermediate- signal 
content  (except  small  area  close  to  impacted  tooth)  (arrow).  (F)  Axial 
T1  -weighted  post-Gd  MRI  shows  no  contrast  enhancement  (arrow) 
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Fig.  2.28  Follicular  cyst,  mandible;  40-year-old  male  with  incidental 
finding  at  routine  dental  radiography.  (A)  Panoramic  view  shows  radio- 
lucency  with  sclerotic  border  (arrow)  and  impacted  third  molar.  (B) 
Axial  CT  image  shows  expansive  process  with  thinned,  intact  cortical 
bone,  partially  around  crown  of  impacted  third  molar  (arrow).  (C) 
Oblique  coronal  CT  image  shows  process  with  intact  cortical  outline 
expanding  lingually  (arrow).  (D)  Axial  T2- weighted  MRI  shows  homo¬ 


geneous  intermediate-  to  high-signal  content  (arrow).  (E)  Coronal 
STIR  MRI  shows  homogeneous  low- signal  content  (arrow).  (F)  Axial 
T1 -weighted  pre-Gd  MRI  shows  homogeneous  intermediate  to  high 
signal  (arrow).  (G)  Axial  T1 -weighted  fat  sat  pre-Gd  MRI  shows 
homogeneous  high  signal  (arrow).  (H)  Axial  T1 -weighted  fat  sat  post- 
Gd  MRI  shows  no  contrast  enhancement  when  compared  to  (G)  (arrow) 


2.8  Follicular  Cyst 
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Fig.  2.28  (continued) 


Fig.  2.29  Follicular  cyst,  mandible;  56-year-old  male  with 
incidental  finding  at  routine  dental  radiovgraphy.  3D  CT  image 
shows  large  cortical  defect  on  lingual  side  (arrow)  and  within 
cavity  an  impacted  third  molar  (lower  arrowhead)  and  roots  of 
second  molar  (arrowhead) 


44 


2  Jaw  Cysts  and  Cyst-Like  Conditions 


2.9  Glandular  Odontogenic  Cyst 

Fig.  2.30 

Synonym:  Sialo-odontogenic  cyst 

2.9.1  Definition 

Cyst  arising  in  tooth-bearing  areas  and  characterized  by  epi¬ 
thelial  lining  with  cuboidal  or  columnar  cells  both  at  surface 
and  lining  crypts  or  cyst-like  spaces  within  thickness  of  epi¬ 
thelium,  simulating  salivary  gland  or  glandular  differentia¬ 
tion  (WHO). 


2.9.2  Clinical  Features 

-  Odontogenic 

-  Developmental 

-  Mandible  more  often  than  maxilla,  anterior  region  in 
particular 

-  Vital  teeth 

-  Unilocular  or  multilocular  (also  bilocular  reported) 

-  Border  may  be  destroyed  and  penetrated,  indicating  some 
aggressivity 

-  High  recurrence  reported  (about  20%  in  one  study) 


Fig.  2.30  Glandular  odontogenic  cyst,  maxilla;  47-year-old  male  with 
painless  swelling  of  mucobuccal  fold.  (A)  Axial  CT  image  shows  radio- 
lucency  between  teeth  with  expanded,  destroyed  cortical  outline 
(arrow).  (B)  Axial  CT  image  shows  process  (arrow)  with  no  cortical 


outline  in  the  maxillary  sinus  (arrowhead).  (C)  Axial  post-contrast  CT 
image  with  soft-tissue  window  shows  process  (arrow)  with  no  demar¬ 
cation  from  surrounding  soft  tissue  (arrowhead)  and  no  contrast 
enhancement 


2.12  Simple  Bone  Cyst 
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2.1 0  Odontogenic  Keratocyst 

Odontogenic  keratocyst  was  classified  as  keratocystic  odon¬ 
togenic  tumor  by  WHO  in  2005,  but  reclassified  by  WHO 
just  when  the  draft  of  this  book  was  completed  in  2017.  The 
entity  is  therefore  described  in  Chap.  3. 


2.1 1  Cyst-Like  Conditions 

Figs.  2.31,  2.32,  2.33,  2.34,  and  2.35 


2.1 2  Simple  Bone  Cyst 

Synonyms:  Solitary  bone  cyst,  traumatic  bone  cyst,  hemor¬ 
rhagic  bone  cyst,  hemorrhagic  cyst,  idiopathic  bone  cavity, 
unicameral  bone  cyst 

2.12.1  Definition 

Intraosseous  pseudocyst  devoid  of  an  epithelial  lining,  either 
empty  or  filled  with  serous  or  sanguinous  fluid  (WHO). 

2.12.2  Clinical  Features 

-  Incidental  radiographic  finding 

-  Second  decade 


-  Mandible,  usually  body  or  anterior  areas,  but  may  occur 
anywhere 

-  Vital  teeth 

-  No  sex  predilection  in  jaws  (in  contrast  to  long  bones; 
males  more  frequent) 


2.12.3  Imaging  Features 

-  Radiolucency 

-  May  be  unilocular  or  bilateral 

-  Usually  rounded  in  anterior  region,  often  scalloped 
between  teeth  and  roots  in  molar  region,  but  shape  may 
vary  substantially 

-  Multilocular  appearance  may  occur  but  rare 

-  Border  usually  well  defined  and  corticated,  but  may  be 
less  well  defined  and  non-corticated 

-  Usually  no  expansion  of  bone 

-  If  expanding  bone,  only  slightly  with  cortical  thinning 

-  Usually  no  displacement  or  resorption  of  teeth 

-  Occasionally,  may  persist  or  even  expand  following 
surgical  fenestration 

-  T1  -weighted  MRI:  homogeneous  intermediate  signal 

-  T2- weighted  and  STIR  MRI:  homogeneous  high 
signal 

-  T1 -weighted  post-Gd  MRI:  no  contrast  enhancement  or 
enhancement  in  peripheral  thin  rim 
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Fig.  2.31  Simple  bone  cyst,  mandible;  8-year-old  male  at  baseline 
with  incidental  finding  at  routine  dental  radiography  and  followed  for  8 
years.  (A)  Panoramic  view  shows  poorly  defined  radiolucency  with  no 
sclerotic  border  (arrow).  At  6-year  follow-up,  after  two  surgical  inter¬ 
ventions,  (B)  panoramic  view  shows  enlarged  radiolucency  (arrow). 
(C)  Axial  CT  image  shows  expanded,  thinned,  and  intact  cortical  bone 
(arrow).  (D)  Axial  T2- weighted  MRI  shows  homogeneous  high  signal 


(arrow).  (E)  Axial  STIR  MRI  shows  homogeneous  high  signal  (arrow). 
(F)  Axial  T1 -weighted  pre-Gd  MRI  shows  homogeneous  intermediate 
signal  (arrow).  (G)  Axial  Tl-weighted  post-Gd  MRI  shows  no  enhance¬ 
ment  except  thin  peripheral  rim  buccally  (arrow).  At  8-year  follow-up 
(2  years  after  third  surgery),  (H)  panoramic  view  shows  complete 
regeneration 


2.12  Simple  Bone  Cyst 
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Fig.  2.31  (continued) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


Fig.  2.32  Simple  bone  cyst,  mandible;  15-year-old  male  with  inciden¬ 
tal  finding  at  routine  dental  radiography.  (A)  Panoramic  view  shows 
well-defined  radiolucency  with  no  sclerotic  border  (arrow).  (B)  Axial 
CT  image  shows  expanded,  thinned,  and  intact  cortical  bone  (arrow). 


(C)  Axial  T2- weighted  MRI  shows  homogeneous  high  signal  (arrow). 

(D)  Axial  T1 -weighted  pre-Gd  MRI  shows  homogeneous  intermediate 
signal  (arrow).  (E)  Axial  T1 -weighted  post-Gd  MRI  shows  no  contrast 
enhancement,  or  possibly  in  a  very  peripheral  rim  (arrow) 


2.12  Simple  Bone  Cyst 
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Fig.  2  .33  Simple  bone  cyst,  mandible;  10-year-old  male  without  homogeneous  high  signal  intensity  (arrow).  (D)  Coronal  T1 -weighted 
symptoms.  (A)  Panoramic  view  shows  radiolucency  in  the  left  man-  pre-Gd  and  (E)  coronal  T1 -weighted  fat  sat  post-Gd  MRI  show  no  con- 
dibular  ramus/neck  (arrow).  (B)  Coronal  and  (C)  axial  STIR  MRI  show  trast  enhancement  except  in  thin  peripheral  rim  (arrow) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


Fig.  2.34  Simple  bone  cyst,  mandible;  18-year-old  female,  incidental 
finding.  (A)  Panoramic  view  suggests  radiolucency  in  left  coronoid  pro¬ 
cess  (arrow).  This  examination  was  made  after  incidental  finding  in  the 
mandible  on  cerebral  MRI.  Retention  cyst  in  the  left  maxillary  sinus 


(arrowhead).  (B)  Coronal  STIR  and  (C)  axial  T2- weighted  MRI  show 
homogeneous  high  signal  intensity  in  the  left  mandibular  ramus  consis¬ 
tent  with  simple  bone  cyst  (arrow)  and  high  signal  in  the  left  maxillary 
sinus  consistent  with  retention  cyst  (arrowhead) 


2.12  Simple  Bone  Cyst 
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Fig.  2.35  Simple  bone  cyst,  mandible;  15-year-old  female,  incidental 
finding.  (A)  Panoramic  view  shows  radiolucency  in  retromolar  area  of 
the  right  mandible  (arrow).  (B)  Axial  CT  image  shows  radiolucency 
without  buccal  or  lingual  expansion  (arrow).  (C)  Coronal  STIR  and  (D) 


axial  T2-weighted  MRI  show  homogeneous  high  signal  intensity  in  ret¬ 
romolar  area  (arrow).  (E)  Axial  T1  -weighted  post-Gd  MRI  shows  no 
contrast  enhancement  except  in  thin  peripheral  rim  (arrow) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


2.1 3  Stafne  Bone  Cyst 

Figs.  2.36,  2.37,  and  2.38 

Synonyms:  Stafne  defect,  static  bone  cavity,  developmental 
salivary  gland  defect,  lingual  salivary  gland  depression,  lin¬ 
gual  mandibular  bone  depression 

2.13.1  Definition 

Concavity  in  lingual  surface  of  mandible.  Also  referred  to  as 
pseudocyst  because  of  similarity  to  a  cyst  on  conventional 
radiographs  and  no  epithelial  lining. 

Stafne  defect  is  usually  considered  to  be  associated  with 
salivary  gland  content.  However,  some  of  these  defects  may 
occur  without  any  gland  tissue. 

2.13.2  Clinical  Features 

-  Incidental  finding 

-  Usually  developing  in  the  second  decade,  but  may  develop 
in  an  older  age 

-  Men  more  frequent  than  women 

-  Peak  incidence  in  the  fifth  and  sixth  decades 


2.13.3  Imaging  Features 

-  Usually  located  at  mandibular  angle  caudally  to  the  man¬ 
dibular  canal 

-  Seldom  seen  in  the  anterior  part  of  the  mandible 

-  Well-defined  round  or  oval  defect,  corticated  or  not 


Fig.  2  .36  Stafne  bone  cyst;  30-year-old  male,  incidental  finding. 
Panoramic  view  shows  oval  radiolucency  at  left  mandibular  angle 
between  the  mandibular  canal  and  lower  mandibular  border  (arrow) 


Fig.  2.37  Stafne  bone  cyst,  developed  in  adult  age,  incidental  finding.  (A)  Panoramic  view  (28-year-old  male)  with  normal  bone  in  the  left  man¬ 
dibular  angular  region.  (B)  Panoramic  view  and  (C)  axial  CT  image  (patient  now  65  years  old)  show  cyst/defect  (arrow) 


2.13  Stafne  Bone  Cyst 
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Fig.  2.38  Stafne  bone  cyst;  45-year-old  male,  incidental  finding.  (A) 
Panoramic  view  shows  radiolucency  in  the  right  mandibular  angular 
region  (arrow).  (B)  Axial  CT  image  shows  lingual  defect  (arrow).  (C) 
Axial  T2-weighted  MRI  shows  lingual  defect  with  salivary  gland  con¬ 


tent  (arrow).  (D)  Axial  T1  -weighted  pre-Gd  and  (E)  axial  T1 -weighted 
fat  sat  post-Gd  MRI  show  enhancing  salivary  gland  in  lingual  defect 
(arrow) 
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2  Jaw  Cysts  and  Cyst-Like  Conditions 


2.1 4  Retention  Cyst 

Fig.  2.39 

Synonyms:  Retention  pseudocyst,  antral  pseudocyst,  benign 
mucus  cyst,  retention  cyst  of  the  maxillary  sinus,  benign 
mucosal  cyst  of  sinus,  mucosal  antral  cyst,  serous  nonsecre- 
tory  retention  pseudocyst 

2.14.1  Definition 

Swelling  of  paranasal  sinus  mucosa.  Pathogenesis  is  contro¬ 
versial  but  one  explanation  is  submucosal  accumulation  of 
secretions. 


2.14.3  Imaging  Features 

-  Usually  located  in  the  maxillary  sinus 

-  Unilateral  or  bilateral 

-  Size  may  vary  substantially 

-  Usually  seen  on  floor  of  sinus 

-  Well-defined  smooth,  dome-shaped  form 

-  Homogeneous  internal  structure 

-  No  corticated  border 

-  No  effect  on  surrounding  structures  (no  bone 
destruction) 

-  T2- weighted  and  STIR  MRI:  homogeneous  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  enhancement  except  in 
thin  peripheral  rim 


2.14.2  Clinical  Features 

-  Incidental  finding 

-  More  common  in  males 

-  May  occur  more  often  in  spring  or  fall  but  can  be  found 
all  year  round 


Fig.  2.39  Retention  cyst,  maxillary  sinus;  23-year-old  female,  inci¬ 
dental  finding.  (A)  Panoramic  view  shows  radiopacity  (arrow)  in  the 
right  maxillary  sinus,  clinically  suspected  to  be  a  keratocystic  odonto¬ 
genic  tumor  due  to  apparently  corticated  outline.  (B)  Axial  (with  cursor 
lines  for  C  and  D),  (C)  coronal,  (D,  E)  sagittal,  and  (F)  axial  (with 
cursor  line  for  E)  CT  images  show  radiopacity  in  the  right  maxillary 
sinus  without  cortical  outline  (arrow)  and  without  bone  destruction  but 


with  bone  septa  (arrowheads)  in  buccal  part  of  retention  cyst  (D),  simu¬ 
lating  corticated  outline  on  panoramic  view  (A).  (G)  Axial  STIR,  (H) 
coronal  STIR,  and  (I)  coronal  T2-weighted  MRI  shows  homogeneous 
high  signal  intensity  (arrow).  (J)  Axial  T1 -weighted  pre-Gd,  (K)  axial 
T1 -weighted  post-Gd,  and  (L)  coronal  T1 -weighted  fat  sat  post-Gd 
MRI  show  no  contrast  enhancement  except  in  thin  peripheral  rim 
(arrow) 


Suggested  Reading 
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Fig.  2.39  (continued) 
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Abstract 

This  chapter  illustrates  benign  tumors;  keratocystic  odontogenic  tumor,  ameloblastoma, 
lipoma,  odontogenic  fibroma,  odontogenic  myxoma/myxofibroma,  osteoblastoma,  ossify¬ 
ing  fibroma,  juvenile  ossifying  fibroma,  and  benign  tumorlike  conditions;  aneurysmal  bone 
cyst,  giant  cell  granuloma,  Langerhans  cell  histiocytosis,  cherubism,  fibrous  dysplasia, 
osseous  dysplasia,  osteoma,  exostosis,  idiopathic  osteosclerosis,  and  odontoma. 


3.1  Introduction 

Benign  processes  in  the  jaws  represent  a  wide  spectrum  of  con¬ 
ditions,  many  of  which  are  small  sized  and  therefore  adequately 
diagnosed  with  intraoral  and  panoramic  radiography.  However, 
larger  processes  may  expand  jaw  bone  extensively  and  grow 
into  neighboring  structures.  Since  some  types  of  benign  pro¬ 
cesses  may  be  locally  aggressive  and  may  even  be  difficult  to 
distinguish  from  malignant  neoplasms,  advanced  imaging 
should  be  applied  to  precisely  assess  their  structure,  extent,  and 
demarcation  to  surrounding  tissues.  We  present  a  large  number 
of  different  conditions  so  that  specialists  both  in  the  dental  and 
the  medical  fields  can  become  familiar  with  their  wide  range  of 
imaging  appearances.  Many  cases  are  illustrated  with  advanced 
imaging  modalities,  in  particular  CT,  but  also  MRI.  In  selected 
cases  also  3D  CT  images  and  clinical  photographs  are  shown. 


3.2  Benign  Tumors 

The  first  condition  in  this  section  was  reclassified  to  odonto¬ 
genic  keratocyst  by  WHO  in  2017. 


3.3  Keratocystic  Odontogenic  Tumor 

Figs.  3.1,  3.2,  3.3,  3.4,  3.5,  3.6,  3.7,  3.8,  3.9,  3.10,  3.11,  3.12, 
and  3.13 


In  collaboration  with  H.-J.  Smith  •  H.  Str0mme  Koppang. 


Synonyms:  Odontogenic  keratocyst  (WHO  2017),  primordial 
cyst 

3.3.1  Definition 

Benign  uni-  or  multicystic,  intraosseous  tumor  of  odonto¬ 
genic  origin,  with  a  characteristic,  thin  lining  of  parakera- 
tinized  stratified  squamous  epithelium  and  potentially 
aggressive,  infiltrative  behavior.  It  may  be  solitary  or  multi¬ 
ple.  The  latter  is  usually  one  of  the  stigmata  of  the  inherited 
nevoid  basal  cell  carcinoma  syndrome  (WHO  2005).  Defined 
as  an  odontogenic  cyst  in  2017  (WHO). 

Usually  contains  thick  yellow,  cheesy  material  (keratin). 

3.3.2  Clinical  Features 

-  Frequently  asymptomatic 

-  May  be  very  large  before  detected  since  swelling  not 
prominent 

-  Frequently  with  an  impacted  tooth 

-  Two-thirds  to  more  than  80%  occur  in  mandible 

-  About  one-half  at  angle  of  mandible,  extending  anteriorly 
and  superiorly 

-  Second  and  third  decades 

-  Males  more  frequent  than  females 

-  Recurrence  rate  up  to  60%  reported 

-  Gorlin-Goltz  (basal  cell  nevus)  syndrome  and  multiple 
tumors 
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3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


3.3.3  Imaging  Features 

-  Radiolucency 

-  Unilocular  round,  oval,  scalloped  (with  or  without  bone 
septa),  or  occasionally  multilocular 

-  Border  usually  sclerotic,  may  be  thinned,  intact,  or  perfo¬ 
rated,  even  diffuse  in  parts 

-  Bone  expansion  or  not;  frequently  not  prominent 

-  Soft-tissue  extension  through  cortical  perforation 

-  May  displace  teeth,  mandibular  canal 


-  Tooth  resorption  rare 

-  Frequently  located  with,  but  unrelated  to,  impacted  third 
molar 

-  T1 -weighted  MRI:  homogeneous  or  heterogeneous  inter¬ 
mediate  signal 

-  T2-weighted  and  STIR  MRI:  heterogeneous  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  enhancement  or  enhance¬ 
ment  of  thin  peripheral  rim;  more  evident  if  secondarily 
inflamed 


Fig.  3.1  Keratocystic  odontogenic  tumor,  mandible;  52-year-old  sclerotic  border  {arrow).  (B)  3D  CT  image  shows  cortical  defects  on 
female  with  incidental  finding  at  routine  dental  radiography.  (A)  lingual  side  of  mandible  {arrowheads) 

Panoramic  view  shows  scalloped  radiolucency  with  bone  septa  and 


3.3  Keratocystic  Odontogenic  Tumor 
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Fig.  3.2  (continued) 


m- 


Fig.  3.2  Keratocystic  odontogenic  tumor,  mandible;  61 -year-old 
female  with  incidental  finding  at  routine  dental  radiography.  (A) 
Panoramic  view  shows  unilocular  radiolucency  with  sclerotic  border 
(arrow).  (B)  Axial  CT  image  shows  oval  expansive  process  with  intact 
cortical  outline  (arrow).  (C)  Axial  T2-weighted  MRI  shows  slightly 


heterogeneous  high  signal  (arrow).  (D)  Coronal  STIR  MRI  shows 
slightly  heterogeneous  high  signal  (arrow).  (E)  Axial  T1 -weighted  pre- 
Gd  MRI  shows  homogeneous  intermediate  signal  (arrow).  (F)  Axial 
T1 -weighted  post-Gd  MRI  shows  no  enhancement  except  partial 
enhancement  of  thin,  peripheral  rim  (arrow) 
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3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


Fig.  3.3  Keratocystic  odontogenic  tumor,  mandible;  15-year-old 
female  with  impacted  right  canine  without  symptoms.  (A)  Panoramic 
view  shows  multilocular  radiolucency  (arrow)  and  impacted  canine 
(arrowhead).  (B,  C,  and  D)  Axial  CT  images  confirm  multilocular 
radiolucency  and  additionally  show  only  slight  buccal  expansion 
(arrow).  (E)  Axial  (with  cursor  lines).  (F)  Coronal  and  (G)  oblique 


sagittal  CT  images  confirm  multilocular  radiolucency  with  slight  buccal 
expansion  (arrow)  and  impacted  canine  (arrowhead).  (H)  Axial 
T2- weighted  MRI  shows  heterogeneous  high  signal  (arrow).  (I)  Axial 
T1 -weighted  pre-Gd  and  (J)  axial  T1 -weighted  post-Gd  MRI  shows  no 
contrast  enhancement  except  in  thin  peripheral  rim  (arrow) 


3.3  Keratocystic  Odontogenic  Tumor 
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Fig.  3.4  Keratocystic  odontogenic  tumor,  mandible;  42-year-old 
female  with  incidental  finding  at  routine  dental  radiography.  (A) 
Panoramic  view  shows  scalloped  radiolucency  with  bone  septa  and 
impacted  third  molar  (arrow).  (B)  Coronal  CT  image  shows  expansive 
radiolucency  with  intact  cortical  bone  (arrow),  and  mandibular  canal 
displaced  peripherally  (arrowhead).  (C)  Coronal  CT  image  shows 


scalloped  border  in  ramus  (arrow).  (D)  Coronal  STIR  MRI  shows  high 
signal  (arrow)  and  possibly  two  compartments.  (E)  Coronal 
T1 -weighted  post-Gd  MRI  shows  no  enhancement  except  peripheral 
rim  (arrow)  and  possibly  three  compartments.  MRI  was  performed  a 
few  days  after  a  biopsy  was  taken,  probably  with  subsequent  inflamma¬ 
tory  reaction;  evident  soft-tissue  membrane 


62 


3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


Fig.  3.5  Keratocystic  odontogenic  tumor,  infected,  mandible;  66-year- 
old  female  with  pus  from  fistula  in  retromolar  area  of  the  right  mandi¬ 
ble.  (A)  Panoramic  view  suggests  radiolucency  in  retromolar  area 
(arrow).  (B,  C)  Axial  CT  images  show  radiolucency  in  retromolar  area 
without  buccolingual  expansion  and  with  some  central  air,  lingual 


cortical  defect  (arrow),  and  thick  cortical  outline.  (D)  Axial  T2-weighted 
MRI  shows  heterogeneous  high  signal  (arrow).  (E)  Axial  T1 -weighted 
pre-Gd  and  (F)  axial  T1  -weighted  fat  sat  post-Gd  MRI  show  almost 
solid  contrast  enhancement;  thick  soft-tissue  membrane  due  to  infec¬ 
tion  (arrow) 


3.3  Keratocystic  Odontogenic  Tumor 
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Fig.  3.6  Keratocystic  odontogenic  tumor,  maxilla;  16-year-old  male 
with  painless  expansion  of  maxilla,  complicated  by  sinusitis.  (A)  Axial 
CT  image  (after  biopsy  with  a  drain  in  place)  shows  expansive  process 
in  the  left  maxillary  sinus  (arrow),  multilocular  in  posterior  part 


(« arrowheads ).  (B)  Axial  CT  image  shows  expansion  of  posterior 
thinned  sinus  wall  with  cortical  defects  (arrow)  and  fluid.  (C)  Coronal 
CT  image  shows  expansion  of  palatal  sinus  wall  (arrow),  and  cortical 
defects  both  in  lateral  and  alveolar  sinus  walls  (arrowheads),  and  fluid 
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3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


Fig.  3.7  Keratocystic  odontogenic  tumor,  maxillary  sinus/maxilla; 
16-year-old  male  with  variable  sinus  symptoms.  (A)  Panoramic  view 
shows  radiolucency  in  right  maxilla  (arrow)  and  displaced  tooth 
(arrowhead).  (B)  Axial  (with  cursor  lines),  (C)  coronal,  and  (D)  sagittal 
CT  images  show  expanding  maxillary  sinus  with  partially  corticated 
outline  (arrow)  and  impacted  wisdom  tooth  (arrowhead).  (E,  F) 


Coronal  STIR  MRI  shows  well-defined  expansion  with  heterogeneous 
high  signal  and  impacted  tooth  (arrowhead).  (G)  Axial  T1 -weighted 
pre-Gd,  (H)  axial  T1 -weighted  post-Gd,  and  (I,  J)  coronal  T1 -weighted 
fat  sat  post-Gd  MRI  show  no  contrast  enhancement  except  in  thin 
peripheral  rim  (arrow) 


3.3  Keratocystic  Odontogenic  Tumor 
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Fig.  3.8  Keratocystic  odontogenic  tumor,  maxilla;  48-year-old  male 
with  swelling  in  anterior  part  of  the  right  hard  palate.  (A)  Panoramic 
view  shows  radiolucency  with  corticated  outline  (arrow).  (B)  Coronal 
and  (C)  axial  CT  images  show  well-defined,  expanding  radiolucency 
with  cortical  defects  (arrow).  (D)  Axial  T2- weighted  MRI  shows 


heterogeneous  high  signal  (arrow).  (E)  Axial  T1 -weighted  pre-Gd  and 
(F)  axial  T1 -weighted  post-Gd  MRI  show  no  contrast  enhancement 
except  in  thin  peripheral  rim  (arrow).  (G)  Axial  diffusion- weighted 
MRI,  (H)  axial  ADC  map,  and  (I)  axial  diffusion-weighted  HASTE 
MRI  all  show  restricted  diffusion  within  lesion  (compare  with  Fig.  2.26) 
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Fig.  3.9  Keratocystic  odontogenic  tumor,  mandible;  19-year-old  female  (arrow)  with  cortical  defect  (arrowhead).  (B)  Panoramic  view,  4  years 
with  incidental  finding  at  routine  dental  radiography,  followed  for  6  postoperatively,  shows  bone  regeneration.  (C)  Panoramic  view,  6  years 
years,  never  symptomatic.  (A)  Coronal  CT  image  shows  radiolucency  postoperatively,  shows  recurrence  of  tumor  (arrow) 


Fig.  3.10  Keratocystic  odontogenic  tumor,  mandible;  33-year-old 
male,  painless  perimandibular  swelling  12  years  after  the  first  surgery. 
(A)  Panoramic  view  shows  multilocular  radiolucency  (arrow).  (B) 
Panoramic  view  9  months  postoperatively  shows  nearly  complete  regen¬ 
eration.  (C)  Panoramic  view  12  years  after  surgery  shows  recurrence  of 
tumor,  now  crossing  midline,  being  more  extensive  than  initially 


(arrow).  (D)  Axial  CT  image  shows  expansive  radiolucency  with  intact 
cortical  bone  (arrow).  (E)  Axial  T2- weighted  MRI  shows  heterogeneous 
high  to  intermediate  signal  (arrow).  (F)  Axial  T1 -weighted  pre-Gd  MRI 
shows  heterogeneous  intermediate  to  low  signal  (arrow).  (G)  Axial 
T- weighted  post-Gd  MRI  shows  no  contrast  enhancement  (arrow) 


3.3  Keratocystic  Odontogenic  Tumor 
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Fig.  3.10  (continued) 


68 


3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


Fig.  3.11  Keratocystic  odontogenic  tumor,  maxilla;  27-year-old 
female,  Gorlin-Goltz  (basal  cell  nevus)  syndrome,  painless  swelling  of 
alveolar  process.  (A)  Panoramic  view  shows  radiopacity  in  the  maxil¬ 
lary  sinus  (arrow)  and  radiolucency  in  the  right  alveolar  bone  and 
absent  alveolar  sinus  wall  (arrow).  (B)  Axial  CT  image  shows  scal¬ 
loped  radiolucency  in  the  hard  palate  and  alveolar  bone  with  destroyed 
cortical  outline  (arrow).  (C)  Coronal  CT  image  shows  mass  occupying 
the  right  maxillary  sinus  and  nasal  cavity  (arrow),  expanding  orbital 


floor.  (D)  Axial  T2-weighted  MRI  shows  heterogeneous  high  signal 
(arrow).  (E)  Axial  T2- weighted  MRI  shows  multilocular  mass  in  alveo¬ 
lar  bone  (arrow).  (F)  Axial  T1  -weighted  pre-Gd  MRI  shows  homoge¬ 
neous  intermediate  signal  (arrow).  (G)  Axial  T1  -weighted  post-Gd 
MRI  shows  no  enhancement  except  partial  enhancement  of  a  peripheral 
thin  rim  (arrow).  (H)  Coronal  T1  -weighted  post-GD  MRI  shows  mass 
with  partially  enhancing  peripheral  rim  occupying  expanded  maxillary 
sinus  (arrow) 


3.3  Keratocystic  Odontogenic  Tumor 
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Fig.  3.1 1  (continued) 


Fig.  3.12  Keratocystic  odontogenic  tumor,  mandible;  Gorlin-Goltz  (basal  cell  nevus)  syndrome,  previously  treated  for  maxillary  cystic  tumors. 
Panoramic  view  shows  cystic  tumors  bilaterally  ( arrows ) 
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Fig.  3.13  Keratocystic  odontogenic  tumor,  maxilla  and  mandible; 
Gorlin-Goltz  (basal  cell  nevus)  syndrome.  (A)  Axial  CT  image  shows 
three  cystic  tumors  in  mandible  (arrows).  (B)  Axial  CT  image  shows 


three  cystic  tumors  in  maxilla  (arrows).  (C)  Coronal  CT  image  shows 
better  cystic  tumor  in  anterior  part  of  maxilla  (arrow) 


3.7  Ameloblastoma,  Desmoplastic  Type 
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3.4  Ameloblastomas 

Figs.  3.14, 3.15, 3.16,  3.17,  3.18,  3.19,  3.20, 3.21, 3.22,  3.23, 
3.24,  3.25,  3.26,  3.27,  3.28,  and  3.29 


3.5  Ameloblastoma,  Solid/Multicystic 
Type 

Synonyms:  Conventional  or  classic  intraosseous 

ameloblastoma 

3.5.1  Definition 

Slowly  growing,  locally  invasive  epithelial  odontogenic 
tumor  of  the  jaws  with  a  high  rate  of  recurrence,  but  with 
virtually  no  tendency  to  metastasize  (WHO).  Benign  intraos¬ 
seous  progressively  growing  neoplasm  characterized  by 
expansion  (WHO  2017). 

3.5.2  Clinical  Features 

-  Usually  painless  swelling  (80%) 

-  Pain  if  secondarily  inflamed 

-  Small;  incidental  radiographic  finding 

-  No  sex  predilection 

-  Fourth  to  sixth  decades,  but  wide  range  of  age 

-  Malignancy  very  rare 

3.5.3  Imaging  Features 

-  Radiolucency 

-  Unilocular  round,  oval,  scalloped,  or  multilocular 

-  Border  sclerotic  or  not,  thinned,  expanded 

-  Defect  border,  soft-tissue  extension 

-  Tooth  root  resorption  common 

-  Mandible  clearly  more  frequent  than  maxilla,  at  least 
80%,  mostly  in  molar  region  and  ramus 


-  T1 -weighted  MRI:  intermediate  signal 

-  T2- weighted  and  STIR  MRI:  intermediate  to  high  signal 

-  T1 -weighted  post-Gd  MRI:  contrast  enhancement  of 
solid  components 


3.6  Ameloblastoma,  Unicystic  Type 

3.6.1  Definition 

Variant  of  ameloblastoma,  presenting  as  a  cyst  (WHO). 

3.6.2  Imaging  Features 

-  Represents  5-15%  of  all  ameloblastomas;  mean  age 
significantly  lower  than  solid/multicystic  type 

-  More  than  90%  in  mandible,  mostly  posterior  region 

-  Frequently,  unilocular  corticated  radiolucency 

-  Up  to  80%  associated  with  an  unerupted  mandibular  third 
molar 

-  May  have  similar  appearance  to  a  follicular  cyst 


3.7  Ameloblastoma,  Desmoplastic  Type 

3.7.1  Definition 

Variant  of  ameloblastoma,  characterized  by  specific  clinical, 
radiologic  and  histologic  features  (WHO). 

3.7.2  Imaging  Features 

-  Mandible  and  maxilla  ratio  1 : 1 

-  Less  than  10%  in  mandibular  molar  region  as  opposed  to 
nearly  40%  of  solid/multicystic  type 

-  About  50%  with  mixture  of  radiolucency/radiopacity  due 
to  bone  formation 

-  May  show  diffuse  border 
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Fig.  3.14  Ameloblastoma,  solid/multicystic,  maxilla;  80-year-old 
female  with  painless  swelling  in  the  vestibulum  and  palate.  (A)  Axial 
CT  image  shows  scalloped  expansive  process  with  destruction  of  palate 


and  cortical  bone  defects  (arrow).  (B)  Coronal  CT  image,  soft- tissue 
window,  shows  well-defined  soft-tissue  mass  without  cortical  outline 
palatally  or  buccally  (arrow) 


Fig.  3.15  Ameloblastoma,  solid/multicystic,  mandible;  45 -year-old 
male  with  incidental  finding  at  routine  dental  radiography.  (A)  Axial  CT 
image  shows  unilocular  expansive  process  with  nearly  intact  cortical 
bone  (arrow).  (B)  Axial  CT  image,  another  section,  shows  cortical 


defects  (arrow  and  arrowhead).  (C)  Axial  CT  image,  soft-tissue  win¬ 
dow,  shows  soft-tissue  mass  at  cortical  defects  well  demarcated  from 
surrounding  soft  tissue  (arrow  and  arrowhead) 


3.7  Ameloblastoma,  Desmoplastic  Type 
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Fig.  3.16  Ameloblastoma,  solid/multicystic,  mandible;  32-year-old  (soft-tissue  window)  CT  images  show  expanding  multilocular  radiolu- 
female  with  pain-free  swelling  of  the  right  mandible.  (A)  Axial  and  (B)  cency  with  cortical  defects  (arrow) 
coronal  (bone  window)  CT  images  and  (C)  axial  and  (D)  coronal 
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Fig.  3.17  Ameloblastoma,  solid/multicystic,  mandible;  57-year-old 
male,  painless  swelling  of  mandibular  ramus.  (A)  3D  CT  image  shows 
expansive  tumor  in  the  entire  mandibular  ramus  and  part  of  body 


{arrow)  with  cortical  defects.  (B)  Conventional  radiograph  of  surgical 
specimen  after  hemimandible  resection,  with  multilocular  appearance 


Fig.  3.18  Ameloblastoma,  solid/multicystic,  mandible;  21 -year-old 
female  with  painless  swelling  of  the  right  ramus.  (A)  Panoramic  view 
shows  expansive  radiolucency  and  impacted  third  molar  (arrow).  (B) 
Axial  CT  image  shows  expanded  cortical  bone  and  partially  scalloped 
border  (arrow).  (C)  Coronal  CT  image  shows  expanded  and  thinned, 


intact  cortical  bone  and  root  resorption  (arrow).  (D)  Axial  T1 -weighted 
pre-Gd  MRI  shows  homogeneous  intermediate  signal  (arrow).  (E) 
Axial  T1 -weighted  post-Gd  MRI  shows  homogeneous  contrast 
enhancement  (arrow) 


3.7  Ameloblastoma,  Desmoplastic  Type 
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Fig.  3.19  Ameloblastoma,  solid/multicystic,  mandible;  59-year-old 
male  with  gingival  mass  but  no  pain  or  discomfort.  (A)  Clinical  photo¬ 
graph  shows  exophytic  gingival  mass  with  granular  red  and  white 
appearance  (arrow).  (B,  C)  Intraoral  and  (D)  panoramic  views  show 
multilocular  radiolucency  (arrow).  (E,  F,  G)  Axial  CT  images  show 
radiolucency  with  destroyed  buccal  cortex  (arrow).  (H)  Axial 


T2-weighted  MRI  shows  heterogeneous  (high  to  intermediate)  signal 
intensity  with  solid  part  (arrow)  and  cystic  part  (arrowhead).  (I)  Axial 
T1 -weighted  fat  sat  pre-Gd  and  (I)  post-Gd  MRI  show  heterogeneous 
contrast  enhancement  (arrow).  (K)  Panoramic  view  shows  postopera¬ 
tive  status  with  fibula  graft  after  hemimandible  ectomy 


3.7  Ameloblastoma,  Desmoplastic  Type 
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Fig.  3.20  Ameloblastoma,  unicystic,  mandible;  22-year-old  male  with 
painless  perimandibular  swelling.  (A)  Panoramic  view  shows  radiolu- 
cency  and  root  resorption  (arrow).  (B)  Axial  CT  image  shows  destroyed 
bone  with  expansion  of  buccal  cortical  bone,  which  is  very  thin  and  par¬ 
tially  absent  (arrow).  (C)  Coronal  CT  image  shows  multilocular  appear¬ 
ance  in  anterior  part  without  cortical  outline  buccally  (arrow).  (D) 
Coronal  STIR  MRI  shows  multilocular  appearance  and  heterogeneous 


intermediate  to  high  signal  (arrow).  (E)  Axial  T2- weighted  MRI  shows 
high  signal  in  posterior  part  (arrow)  and  intermediate  signal  in  anterior 
part  (arrowhead).  (F)  Axial  T1 -weighted  pre-Gd  MRI  shows  intermedi¬ 
ate  signal  in  posterior  part  (arrow)  and  intermediate  to  low  signal  in 
anterior  part.  (G)  Axial  T1 -weighted  post-Gd  MRI  shows  no  contrast 
enhancement  in  posterior  part  (arrow)  except  partially  in  periphery  and 
septal  enhancement  in  anterior  part  (arrowhead) 
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Fig.  3.21  Ameloblastoma,  unicystic,  mandible;  33-year-old  male  with 
drainage  into  oral  cavity  as  the  only  symptom  several  months  after  the 
third  molar  surgery.  (A)  Panoramic  view  shows  unilocular  radiolucency 
with  sclerotic  border  (arrow).  Note  intraoral  view  before  surgical 
removal  of  the  third  molar,  suggesting  the  lesion  (which  was  not 
detected  by  the  dentist).  (B)  Axial  CT  image  shows  expansive  process 
with  intact,  sclerotic  cortical  outline  and  with  mandibular  canal  in 
periphery  (arrow).  Note  root  resorption.  (C)  Coronal  CT  image  shows 
expansion  of  thin  intact,  cortical  outline  (arrow),  and  some  air. 


(D)  Axial  T2-weighted  MRI  shows  homogeneous  intermediate  to  high 
signal  (arrow).  (E)  Axial  STIR  MRI  shows  homogeneous  high  signal 
(arrow).  (F)  Axial  T2-weighted  MRI  shows  soft-tissue  capsule  and 
fluid  level  (arrow).  (G)  Coronal  STIR  MRI  shows  high-signal  soft- 
tissue  capsule  (arrow)  with  intraluminal  tumor  noduli  (arrowheads). 
(H)  Panoramic  view  3  months  postoperatively  shows  that  only  one 
molar  was  extracted;  tumor  was  enucleated  with  intact  mandibular 
canal  (no  paresthesia) 


3.7  Ameloblastoma,  Desmoplastic  Type 


79 


Fig.  3.21  (continued) 
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Fig.  3.22  Ameloblastoma,  mandible;  64-year-old  female  with  painless 
swelling,  then  abscess  development  with  swelling  and  pain.  (A) 
Intraoral  views  show  multilocular  radiolucency  and  root  resorptions. 
(B)  Panoramic  view  indicates  size  of  radiolucency  (arrow).  (C)  Axial 
CT  image  shows  expanded,  intact  cortical  bone  buccally  (arrow)  and 


destroyed  bone  lingually.  (D)  Axial  CT  image,  6  weeks  later  with 
abscess  development,  and  destruction  of  buccal  cortical  bone  (arrow). 
(E)  3D  CT  image  shows  severe  buccolingual  destruction  (asterisk).  (F) 
Photograph  at  surgery  confirms  severe  buccolingual  bone  destruction 
(F:  courtesy  of  Dr.  B.  B.  Herlofson,  University  of  Oslo,  Norway) 


3.7  Ameloblastoma,  Desmoplastic  Type 
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Fig.  3  .23  Ameloblastoma,  desmoplastic,  mandible;  40-year-old  male 
with  pain-free  swelling  of  the  gingiva  in  the  right  mandible  posterior  to 
the  remaining  molar.  (A)  Clinical  photograph  shows  gingival  mass  with 
normal  mucosa  (arrow).  (B)  Intraoral  (periapical),  (C)  occlusal  (axial), 
and  (D)  panoramic  views  show  radiolucency  with  sclerotic  margins 


(arrow).  (E,  F,  G)  Axial  CT  images  show  radiolucency  with  sclerotic 
bone  and  no  or  minimal  expansion  of  cortical  bone  (arrow).  (H)  1-year 
and  (I)  2  1/3 -year  postoperative  panoramic  views  show  bone  healing 
with  sclerosis  (molar  tooth  is  extracted  in  I)  (arrow) 
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Fig.  3.24  Ameloblastoma,  desmoplastic,  mandible;  52-year-old  male 
with  painless  swelling  in  the  anterior  part.  (A)  Panoramic  view  shows 
radiolucency  (arrow)  and  displacement  of  canine  and  incisor.  (B) 
Intraoral  views  show  apparently  multilocular  radiolucency  and  dis¬ 
placed  teeth.  (C)  Axial  CT  image  shows  cortical  expansion  and  destruc¬ 
tion  buccally  and  lingually  (arrow).  (D)  Axial  PD  MRI  shows 
intermediate  signal  and  septal  appearance  (arrow).  (E)  Axial 


T2-weighted  MRI  shows  high-signal  content  and  septal  appearance 
(arrow).  (F)  Axial  STIR  MRI  shows  intermediate  to  high  signal  and 
septal  appearance  (arrow).  (G)  Coronal  STIR  MRI  of  anterior  region 
shows  intermediate  to  high  signal  of  bilocular  septate  tumor  (arrow); 
most  caudal  part  reaches  mandibular  border  (arrowhead),  surgically 
confirmed  at  tumor  resection 


3.7  Ameloblastoma,  Desmoplastic  Type 
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Fig.  3.24  (continued) 


Fig.  3.25  Ameloblastoma,  extraosseous,  mandible;  5 1 -year-old  delineated  by  thin,  partially  intact  cortical  bone  and  with  homogeneous 
female  with  right  mandibular  fluctuant  swelling.  (A)  Coronal  and  (B)  content  (arrow).  (C)  Axial  (bone  window)  CT  image  shows  minimal  (if 
axial  (soft-tissue  window)  CT  images  show  buccally  expanding  lesion  any)  bone  depression 


84 


3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


Fig.  3.26  Ameloblastoma,  solid/multicystic,  mandible,  with  follow¬ 
up;  31 -year-old  male  with  some  swelling  (pain-free)  in  the  right  ante¬ 
rior  mandible.  (A)  Occlusal  (axial)  and  (B)  intraoral  (periapical) 
views  show  multilocular,  slightly  expanding  radiolucency  (arrow). 


(C)  Occlusal  (axial)  view  of  normal  contralateral  side  for  comparison. 
(D,  E)  Axial  CT  images  confirm  radiolucency  with  some  lingual 
expansion  and  thinned  but  intact  cortical  bone  (arrow).  The  first  surgi¬ 
cal  intervention  was  then  performed 


Fig.  3.27  Ameloblastoma,  recurrence,  mandible;  same  patient  as  in 
Fig.  3.26,  2  years  after  surgery.  (A)  Panoramic  view  shows  small  uni¬ 
locular  radiolucency  (arrow)  and  small  radiopacity  as  an  incidental 
finding  (arrowhead).  (B)  Axial  CT  image  shows  multilocular  radiolu¬ 
cency  caudal  to  mental  foramina  with  diffuse  osteosclerosis  (arrow) 


and  well-defined  osteosclerosis,  probably  idiopathic  (arrowhead).  (C) 
Axial  CT  image  shows  two  radiolucencies  with  some  sclerosis  at  the 
level  of  mental  foramina  (arrow).  (D)  Axial  CT  image  shows  destroyed 
cortical  bone  buccally  in  tooth-bearing  area  (arrow) 


3.7  Ameloblastoma,  Desmoplastic  Type 
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Fig.  3.28  Ameloblastoma,  recurrence,  mandible;  the  same  patient  as  in 
Fig.  3.26  and  3.27,  8  years  after  the  second  operation.  (A)  Panoramic  view 
shows  well-defined  radiolucency  and  root  resorption  of  the  second  pre¬ 
molar  (arrow).  The  third  surgical  intervention  was  then  performed. 


(B)  Panoramic  view  1  year  after  the  third  operation  shows  bone  healing 
(arrow).  (C)  Panoramic  view  and  (D)  axial  CT  image  3  years  after  the  third 
operation  show  enlarged  radiolucency  and  destruction  throughout  the 
entire  alveolar  ridge  (arrow).  Mandibular  resection  was  then  performed 
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Fig.  3.29  Ameloblastoma,  recurrence  involving  graft,  mandible;  24-year-old  female.  (A)  Panoramic  view  and  (B)  3D  CT  image  show  fixation 
plates  and  fibula  graft  ( asterisk )  with  tumor  recurrence  between  graft  and  remaining  mandible  (arrow) 


3.9  Odontogenic  Fibroma  (Central) 
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3.8  Lipoma 

Fig.  3.30 

Synonym:  Adipose  tumor 

3.8.1  Definition 

Abnormal  (benign)  growth  of  fat  cells,  neoplastic  lipoma- 
tous  growth.  Sialolipoma  also  contains  epithelial  compo¬ 
nents,  whereas  ordinary  lipoma  does  not  (WHO). 

3.8.2  Clinical  Features 

-  Most  often  found  just  below  the  skin  (between  the  skin 
and  underlying  muscle  layer)  on  the  torso,  neck,  upper 
thighs,  upper  arms,  and  armpits,  but  they  can  occur  almost 
anywhere 

-  Soft  to  touch,  usually  movable,  and  generally  painless 

-  Treatment  generally  not  necessary 

-  Can  be  surgically  removed  if  painful  or  if  growing 

3.8.3  Imaging  Features 

-  Typically  homogeneous. 

-  Low  attenuation  (dark)  on  CT  and  bright  on  T1  MRI. 

-  When  extensive,  internal  structures,  liposarcoma  should 
be  considered 


3.9  Odontogenic  Fibroma  (Central) 

Fig.  3.31 

Synonyms:  Central  odontogenic  fibroma,  simple  odontogenic 
fibroma 

3.9.1  Definition 

Rare  neoplasm  characterized  by  varying  amounts  of  inactive¬ 
looking  odontogenic  epithelium  embedded  in  a  mature, 
fibrous  stroma  (WHO). 

Two  histologic  types:  epithelium-poor  type  (formerly 
termed  simple  WHO  type)  and  epithelium-rich  type  (formerly 
termed  complex  WHO  type). 

3.9.2  Clinical  Features 

-  Second  to  fourth  decade 

-  Females  more  frequent  than  males 

-  Mandible  more  frequent  than  maxilla 

-  Painless  swelling 

3.9.3  Imaging  Features 

-  Usually  well-defined  outline,  often  sclerotic 

-  Small  lesions  show  unilocular  radiolucency 

-  Larger  lesions  show  scalloped  margins  or  multilocular 
appearance 

-  Rarely,  occurrence  of  calcified  material  may  give  mixed 
radiolucent/radiopaque  appearance 

-  Tooth  displacement  more  common  than  root  resorption 


Fig.  3.30  Lipoma,  right  neck;  29-year-old  male  with  pain-free  neck 
mass.  Axial  contrast-enhanced  (soft-tissue  window)  CT  image  shows 
mass  in  parotid  space  with  signal  intensity  as  subcutaneous  fat  (arrow) 
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Fig.  3  .31  Odontogenic  fibroma,  mandible;  25-year-old  male  with 
pain-free,  hard  swelling  in  the  anterior  part  of  the  left  mandible.  (A) 
Occlusal  (axial)  and  (B)  panoramic  views  show  radiolucency  (arrow) 


3.1 0  Odontogenic  Myxoma/Myxofibroma 

Fig.  3.32 

Synonym:  Odontogenic  fibromyxoma 

3.10.1  Definition 

Odontogenic  myxoma  is  an  intraosseous  benign  neoplasm 
characterized  by  stellate  and  spindle-shaped  cells  embed¬ 
ded  in  an  abundant  myxoid  or  mucoid  extracellular 
matrix.  When  a  relatively  greater  amount  of  collagen  is 
evident,  the  term  Odontogenic  myxofibroma  may  be  used 
(WHO). 

3.1 0.2  Clinical  Features 

-  Painless  swelling  or  incidental  finding  (small) 

-  About  two-thirds  in  mandible 


with  some  buccal  expansion  (arrowhead).  (C,  D,  E)  Axial  CT  images 
show  radiolucency  with  some  expansion  of  thin,  intact  cortical  bone 
and  some  calcification  (arrow) 


-  Second  to  fourth  decades,  but  wide  range  of  age 

-  Recurrence  rate  about  25%  after  curettage,  but  good 
prognosis 

-  Third  most  frequent  odontogenic  tumor  (3-20%)  after 
odontoma  and  ameloblastoma 

-  Slightly  more  common  in  females 

3.1 0.3  Imaging  Features 

-  Radiolucency 

-  Unilocular,  scalloped,  or  multilocular 

-  Border  can  be  well  defined  and  corticated  or  not  so  well 
defined  and  sclerotic 

-  May  expand  bone,  but  usually  not  prominent 

-  Tooth  displacement  or  root  resorption  may  occur 

-  T1 -weighted  MRI:  homogeneous  intermediate  (to  low) 
signal 

-  T2- weighted  and  STIR  MRI:  homogeneous  high  signal 

-  T1 -weighted  post-Gd  MRI:  homogeneous  contrast 
enhancement 


3.10  Odontogenic  Myxoma/Myxofibroma 
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Fig.  3  .32  Odontogenic  myxoma,  mandible;  45-year-old  female  with 
painless  swelling  which  the  patient  did  not  notice  because  tumor  was 
“filling  out”  mandibular  torus  on  the  right  side.  (A)  Clinical  photograph 
shows  buccal  and  lingual  jaw  expansion  (arrows).  (B)  Panoramic  view 
shows  scalloped  radiolucency  without  sclerotic  outline  (arrow).  (C) 
Axial  CT  image  shows  expanded  but  intact  buccal  and  lingual  cortical 


bone.  Note  tumor  occupies  mandibular  torus  on  the  right  side  (arrow). 

(D)  Axial  T2- weighted  MRI  shows  homogeneous  high  signal  (arrow). 

(E)  Axial  STIR  MRI  shows  homogeneous  high  signal  (arrow). 

(F)  Axial  T1  -weighted  pre-Gd  MRI  shows  intermediate  (to  low)  signal 
(arrow).  (G)  Axial  T1 -weighted  post-Gd  MRI  shows  homogeneous 
contrast  enhancement  (arrow) 
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3.1 1  Osteoblastoma 

Figs.  3.33  and  3.34 

Synonym:  Osteoid  osteoma  is  a  similar  tumor,  but  smaller  (a 
nidus  usually  less  than  1  cm),  and  being  associated  with  noc¬ 
turnal  pain. 

3.11.1  Definition 

Mesenchymal  benign  tumor  characterized  by  well-vascular¬ 
ized  connective  tissue  stroma  in  which  active  production  of 
osteoid  or  primitive  woven  bone  occurs,  bone  occurs,  form¬ 
ing  a  mass  20  mm  in  size  (WHO). 

3.1 1 .2  Clinical  Features 

-  Swelling,  usually  painful,  but  also  without  pain 

-  Mandible  more  frequent  than  maxilla 

-  Males  more  frequent  than  females 


-  Peak  incidence  in  the  second  decade 

-  The  most  common  site  of  occurrence  is  the  vertebrae,  flat 
bones,  femur,  and  tibia,  but  generally  considered  a  rare  tumor 

-  Only  15%  in  the  skull,  maxilla,  and  mandible 

-  Nearly  15%  recurrence  rate  has  been  reported  for  conven¬ 
tional  mandibular  osteoblastomas,  without  histologic  atypia 

-  Juvenile  aggressive  osteoblastoma  has  high  recurrence 
(close  to  50%)  after  surgery,  depending  on  histologic  atypia 

3.1 1 .3  Imaging  Features 

-  Highly  variable;  osteolytic  to  osteoblastic  (ground-glass 
appearance) 

-  Coarse  trabecular  pattern 

-  Expansive  growth,  may  resemble  aneurysmal  bone  cyst 

-  Distinction  between  aggressive  osteoblastoma  and  low- 
grade  osteosarcoma  may  be  difficult,  but  low-grade  osteo¬ 
blastoma  has  more  well-defined  border 

-  If  close  to  teeth,  it  may  cause  displacement  but  not  fuse 
with  cementum  (in  contrast  to  benign  cementoblastoma) 


Fig.  3.33  Osteoblastoma,  mandible;  10-year-old  male  with  painless 
swelling  of  the  left  cheek,  parotid  region.  (A)  Clinical  photograph 
shows  swelling  of  the  left  parotid  area.  (B)  Panoramic  view  shows 
expansive  process  in  the  ramus  with  coarse  trabecular  pattern  (arrow). 
(C)  Axial  CT  image  shows  expansive,  osteolytic  process  with  gracile 
structure  (arrow).  (D)  Coronal  CT  image  shows  expansive  process  with 
thin  but  rather  well-defined  border  (arrow).  (E)  Coronal  CT  image 


shows  tumor  including  mandibular  condyle  (arrow).  (F)  Axial 
T2-weighted  MRI  shows  intermediate  (to  high)  signal  (arrow).  (G) 
Axial  T1 -weighted  pre-Gd  MRI  shows  intermediate  signal  (arrow).  (H) 
Axial  T1 -weighted  post-Gd  MRI  shows  contrast  enhancement  (arrow). 
(I)  Coronal  T1 -weighted  post-Gd  MRI  shows  contrast  enhancement 
(arrow)  (A:  courtesy  of  Dr.  T.  Bjprnland,  Rikshospitalet  University 
Hospital,  Oslo,  Norway) 


3.11  Osteoblastoma 
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Fig.  3.33  (continued) 
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Fig.  3.34  Osteoblastoma,  mandible;  3 -year-old  male,  painless  swell¬ 
ing  of  the  anterior  part  of  the  mandible.  (A)  Axial  CT  image  shows 
extensive  bone  production  (arrow).  (B)  Axial  CT  image,  soft-tissue 
window,  shows  rather  well-defined  mass  (arrow) 


3.12  Ossifying  Fibroma 

Figs.  3.35,  3.36,  3.37,  3.38,  and  3.39 

Synonyms:  Cemento-ossifying  fibroma,  cementifying 
fibroma,  juvenile  (active/aggressive)  ossifying  fibroma 


3.12.1  Definition 

Well-demarcated  benign  fibro-osseous  neoplasm  composed 
of  fibrocellular  tissue  and  mineralized  material  of  varying 
appearances.  Juvenile  trabecular  ossifying  fibroma  and  juve¬ 
nile  psammomatoid  ossifying  fibroma  are  two  histologic 
variants  of  ossifying  fibroma.  Thus,  three  clinicopathologi- 
cal  variants  have  been  identified  (WHO). 

3.1 2.2  Clinical  Features 

-  Painless  swelling 

-  Mostly  in  the  mandible,  posterior  region 

-  Juvenile  variants  mostly  in  the  maxilla 

-  Second  to  fourth  decades;  mean  age  about  35  years 

-  Mean  age  of  juvenile  variants  about  10  and  20  years 

-  Females  more  frequent  than  males 

-  Tumor  more  active/aggressive  in  young  patients 

3.1 2.3  Imaging  Features 

-  Radiolucency,  radiopacity,  or  mixed  appearance;  about 
half  of  the  cases  have  been  reported  to  be  radiolucent 

-  Border  usually  well  defined,  may  be  multilocular 

-  Bone  expansion  may  be  evident  in  more  than  half  of  the  cases 

-  May  displace  the  maxillary  sinus,  nasal  cavity,  and  man¬ 
dibular  canal 

-  Majority  shows  no  relationship  to  tooth  apices 

-  Only  occasionally  root  displacement  or  resorption 

-  May  be  impossible  to  distinguish  from  fibrous  dysplasia 
(ground-glass  appearance) 

-  Discrete  zones  of  variable  amounts  of  either  osseous  or 
fibrous  tissue  give  variable  signal  pattern  on  MRI 

-  T1 -weighted  MRI:  low  to  intermediate  to  high  signal 

-  T2- weighted  and  STIR  MRI:  low  to  intermediate  to  high 
signal 

-  T1 -weighted  post-Gd  MRI:  rather  homogeneous  contrast 
enhancement  or  contrast-enhanced  areas  interspersed  with 
nonenhanced  areas 


3.12  Ossifying  Fibroma 
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Fig.  3.35  Ossifying  fibroma, 
mandible;  painless  swelling  in 
the  anterior  part  of  the 
mandible.  (A)  Intraoral  view 
shows  radiolucency  with 
diffuse,  somewhat  sclerotic 
border  and  central  mineraliza¬ 
tion  (arrow).  (B)  Side  view 
shows  expanded  and  intact 
buccal  cortical  bone  (arrow) 


Fig.  3.36  Ossifying  fibroma,  mandible;  22-year-old  male  with  painless  (B)  Coronal  CT  image  shows  expanded,  intact  cortical  bone  and  central 
swelling  of  the  left  mandible.  (A)  Axial  CT  image  shows  expansion  mineralization  (arrow) 
with  intact  cortical  border  and  central  mineralization  (arrow). 
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Fig.  3.37  Ossifying  fibroma,  mandible;  41 -year-old  female  with  pain¬ 
less  swelling  of  lingual  aspect  of  anterior  mandible.  (A)  3D  CT  image 
shows  swelling  on  lingual  side  with  cortical  defects  (arrows).  Note  the 
styloid  process  (arrowhead)  and  cervical  spine  (asterisk).  (B)  3D  CT 
image  shows  cortical  defects  on  buccal  side  between  mental  foramina 
(arrowheads).  (C)  Axial  CT  image  shows  well-defined  radiolucency 
with  some  expansion  and  intact  cortical  bone  lingually  (arrow).  Note 
lingual  crista  (arrowhead)  and  small  mineralizations.  (D)  Axial  CT 


image  shows  tumor  with  small  mineralizations  and  more  expansion  lin¬ 
gually  (arrow).  (E)  Axial  T2-weighted  MRI  shows  intermediate, 
slightly  heterogeneous  signal  (arrow).  (F)  Coronal  STIR  MRI  shows 
intermediate  signal  (arrow).  (G)  Axial  T1 -weighted  pre-Gd  MRI  shows 
intermediate  signal  (arrow).  (H)  Axial  T1 -weighted  post-Gd  MRI 
shows  moderate  contrast  enhancement  (arrow).  (I)  Coronal  T1  -  weighted 
post-Gd  MRI  shows  moderate  contrast  enhancement  (arrow) 


3.12  Ossifying  Fibroma 
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Fig.  3.37  (continued) 
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Fig.  3  .38  Ossifying  fibroma,  mandible;  31 -year-old  female  with  hard, 
buccal  swelling  in  the  right  mandible  and  variable  pain  from  the  first 
molar  (deep  filling,  vital  tooth).  (A)  Panoramic  view  shows  well- 
defined  multilocular  radiolucency  in  periapical  area  of  the  first  molar 
(arrow).  (B,  C)  Axial  CT  images  show  radiolucency  with  defects  in 
buccal  and  lingual  cortical  plate  (arrow).  (D)  Axial  (soft- tissue  win¬ 
dow)  CT  image  shows  slight  buccal  expansion  of  well-defined 


soft- tissue  mass  and  normal  subcutaneous  fat  (arrow).  (E)  Coronal 
STIR  MRI  shows  low  signal  intensity  (arrow).  (F)  Axial  T1 -weighted 
pre-Gd  and  (G)  Axial  T1 -weighted  post-Gd  MRI  show  solid  contrast 
enhancement  (arrow).  (H)  Three-year  postoperative  panoramic  view 
shows  good  healing  in  the  right  mandible  (arrow).  Ossifying  fibroma 
also  developed  in  the  left  mandible,  now  with  good  healing  2  years  after 
surgery  in  this  area  (arrowhead) 


3.12  Ossifying  Fibroma 
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Fig.  3.38  (continued) 


Fig.  3.39  Ossifying  fibroma,  maxillary  sinus;  26-year-old  female  with  (C)  sagittal  CT  images  show  radiopaque  lesion  with  irregular  bone  for- 
pain-free  facial  swelling.  (A)  3D  CT  shows  expanding  left  maxillary  mation  in  the  left  maxillary  sinus  (arrow).  Retention  cyst  in  the  right 
sinus  with  irregularities  of  the  sinus  wall  (arrow).  (B)  Coronal  CT  and  maxillary  sinus,  incidental  finding  (arrowhead) 
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3.1 3  Juvenile  Ossifying  Fibroma 

Figs.  3.40  and  3.41 

Synonyms:  See  Ossifying  Fibroma 


3.13.1  Definition 

See  Ossifying  Fibroma 


Fig.  3.40  Juvenile  ossifying  fibroma,  mandible;  13-year-old  female 
with  pain-free  swelling  of  the  right  mandible.  (A)  Panoramic  view 
shows  radiolucency  in  the  right  mandibular  ramus  (arrow)  and  dis¬ 
placed  tooth  germ  (arrowhead).  (B,  C)  Axial  (soft-tissue  window)  CT 
images  show  expansive  mass  with  rather  well-defined  and  thinned 


cortical  outline  (arrow)  and  calcifications  within  mass.  (D)  Axial,  (E) 
axial  (with  cursor  lines),  (F)  sagittal,  and  (G)  coronal  (bone  window) 
CT  images  show  almost  completely  destroyed  right  mandibular  ramus 
with  rather  well-defined  cortical  outline 


3.15  Aneurysmal  Bone  Cyst 
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Fig.  3.41  Juvenile  ossifying  fibroma,  maxilla/maxillary  sinus;  10-year- 
old  female  with  pain-free  swelling  of  the  right  maxilla/maxillary  sinus. 
(A)  Axial  and  (B)  coronal  CT  images  show  expanding  radiopaque  mass 


3.14  Benign  Tumorlike  Conditions 

A  number  of  conditions  are  described  including  one  tumor 
(osteoma). 


3.1 5  Aneurysmal  Bone  Cyst 

Figs.  3.42  and  3.43 

Synonym:  Aneurysmal  bone  cavity 

3.15.1  Definition 

Expansile  osteolytic  lesion  often  multilocular,  containing 
blood-filled  spaces  separated  by  fibrous  septa  containing 
osteoclast- type  giant  cells  and  reactive  bone  (WHO). 

Aneurysmal  bone  cyst  may  occur  as  hybrid  lesions  with 
ossifying  fibroma,  nonneoplastic  fibrous  dysplasia  or  non¬ 
neoplastic  giant  cell  granuloma,  or  even  other  conditions. 

3.1 5.2  Clinical  Features 

-  Painless  swelling,  usually  few  symptoms 

-  Mandible  more  often  than  maxilla,  mostly  in  posterior 
regions  including  ramus 


(ground-glass  appearance)  in  the  right  maxillary  sinus  (arrow)  with 
punctate  calcifications  within  mass 


-  Usually  below  30  years  of  age,  but  may  present  at  any  age 
in  jaws 

-  No  sex  predominance  or  slight  female 

-  Can  occur  anywhere  in  the  skeleton;  most  frequently  in 
long  bones,  followed  by  the  spine 

-  In  a  large  series  of  children  (1.5-17  years),  more  than 
60%  occurred  in  long  bones 

3.1 5.3  Imaging  Features 

-  Highly  variable  radiologic  appearance  in  jaws 

-  Mostly  radiolucent  (close  to  90%),  but  also  mixed  or 
rarely  radiopaque 

-  Unilocular  (less  than  half)  or  multilocular 

-  Usually  expansile,  ballooning  (about  50%  in  jaws) 

-  Border  well-defined  and  corticated  in  about  one-third, 
thus  majority  without  sclerosis  or  even  diffuse  in  jaws 

-  Cortical  perforation  may  occur 

-  Tooth  displacement  and  root  resorption  may  occur 

-  T1 -weighted  MRI:  intermediate-low  signal  surrounded 
by  low- signal  well-defined  rim  and  fluid-fluid  level 

-  T2- weighted  and  STIR  MRI:  high  signal,  fluid-fluid 
level 

-  T1 -weighted  post-Gd  MRI:  enhancement  of  internal 
septations 
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Fig.  3.42  Hybrid  lesion  of  ossifying  fibroma  and  aneurysmal  bone 
cyst,  maxilla;  22-year-old  male  with  painless  swelling  of  mucobuccal 
fold.  (A)  Panoramic  view  shows  radiolucency  with  sclerotic  border  in 
the  maxilla  (arrow).  (B)  Axial  CT  image  shows  well-defined  tumor  with 
expanded,  intact  cortical  delineation  (arrow)  with  some  mineralization 
in  the  anterior  part.  (C)  Axial  CT  image  shows  well-defined  expanded 
tumor  with  intact  cortical  plate  (arrow)  and  more  mineralization  than  in 


B  (arrowhead).  (D)  Axial  PD  MRI  shows  high  signal  in  a  large  portion 
and  intermediate  signal  in  a  small  portion  of  tumor  (arrow).  (E)  Axial 
T2-weighted  MRI  shows  high  signal  in  a  large  portion  (arrow)  and  low 
signal  in  a  small  portion.  (F)  Axial  T1 -weighted  pre-Gd  MRI  shows 
intermediate  signal  (arrow).  (G)  Axial  T1 -weighted  post-Gd  MRI 
shows  septal  contrast  enhancement  (arrow).  (H)  Coronal  T1 -weighted 
post-Gd  MRI  shows  septal  contrast  enhancement  (arrow) 


3.15  Aneurysmal  Bone  Cyst 
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Fig.  3.42  (continued) 
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Fig.  3.43  Hybrid  lesion  of  aneurysmal  bone  cyst,  giant  cell  granu¬ 
loma,  and  ossifying  fibroma,  mandible;  16-  year-old  male  with  pain- 
free  swelling  of  the  right  mandible.  (A,  B,  C)  Coronal  and  (D)  axial  CT 
images  show  expansion  with  thinned,  partially  destroyed  cortical  out¬ 
line  (arrow).  (E)  Axial  contrast-enhanced  (soft- tissue  window)  CT 


image  shows  well-defined  mass  with  heterogeneous  content  (arrow). 
(F)  Axial  T1 -weighted  and  (G,  H,  I)  axial  T2- weighted  MRI  show 
well-defined  mass  with  heterogeneity  in  signal  intensity,  also  indicating 
fluid  level  (arrow) 


3.16  Giant  Cell  Granuloma  (Central) 
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3.1 6  Giant  Cell  Granuloma  (Central) 

Figs.  3.44,  3.45,  and  3.46 

Synonym:  Giant  cell  lesion,  giant  cell  tumor,  giant  cell 
reparative  granuloma  (obsolete) 

3.16.1  Definition 

Localized  benign  but  sometimes  aggressive  osteolytic  prolif¬ 
eration  consisting  of  fibrous  tissue  with  hemorrhage  and 
hemosiderin  deposits  and  presence  of  osteoclast-like  giant 
cells  in  a  vascular  stroma  (WHO). 

3.1 6.2  Clinical  Features 

-  Incidental  finding  or  painless  swelling 

-  First  to  third  decades,  but  wide  age  range 

-  Females  more  frequent  than  males 


-  Mandible  two-thirds,  maxilla  one-third 

-  Most  often  in  the  posterior  region,  less  frequently  in  the 
anterior  region  (but  also  crossing  the  midline) 

-  May  behave  aggressively  in  younger  patients,  with  recur¬ 
rence  after  surgical  treatment 

-  Noonan  syndrome  and  bilateral  abnormalities 

3.1 6.3  Imaging  Features 

-  Radiolucency 

-  Unilocular  or  more  often  multilocular;  may  be  scalloped 

-  Border  well  defined  or  poorly  defined,  may  be  sclerotic 
but  usually  not 

-  May  expand  bone 

-  May  displace  or,  less  frequently,  resorb  teeth 

-  T1 -weighted  MRI:  homogeneous  or  slightly  heteroge¬ 
neous  intermediate  signal 

-  T2- weighted  and  STIR  MRI:  homogeneous  or  slightly 
heterogeneous  intermediate  signal 

-  T1 -weighted  post-Gd  MRI:  contrast  enhancement 
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Fig.  3.44  Giant  cell  granuloma,  mandible;  10-year-old  male  at  presen¬ 
tation  with  painless  jaw  swelling.  (A)  Panoramic  view  shows  multiloc- 
ular  radiolucency  with  sclerotic  border  (arrow).  (B)  Coronal  CT  image 
shows  expansive,  multilocular  process  (arrow).  (C)  Axial  CT  image 


shows  two  “compartments”  at  the  lower  mandibular  border  (arrow). 
(D)  Panoramic  view  at  6-year  follow-up  shows  complete  regeneration 
after  two  surgical  interventions 


3.16  Giant  Cell  Granuloma  (Central) 
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Fig.  3.45  Giant  cell  granuloma,  maxilla;  22-year-old  male  with  recur¬ 
rence  (painless  swelling)  after  previous  surgery.  (A)  Axial  CT  image 
shows  well-defined  expansive  process  (arrow).  (B)  Axial  CT  image 
shows  corticated  outline  (arrow).  (C)  Axial  T2- weighted  MRI  shows 
slightly  heterogeneous  intermediate  signal  (arrow).  (D)  Axial 


T1  -weighted  pre-Gd  MRI  shows  homogeneous  intermediate  signal 
(arrow).  (E)  Axial  T1  -weighted  post-Gd  MRI  shows  homogeneous 
contrast  enhancement  (arrow).  (F)  Coronal  T1  -weighted  post-Gd  MRI 
shows  contrast-enhanced  and  well-defined  mass  (arrow)  displacing 
teeth 
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Fig.  3.46  Giant  cell  granuloma,  bilateral,  mandible;  patient  with 
Noonan  syndrome.  Coronal  CT  image  shows  bilateral,  expansive 
radiolucencies  with  cortical  defects  ( arrows ) 


3.1 7  Langerhans  Cell  Histiocytosis 

Fig.  3.47 

Synonyms:  Langerhans  cell  disease,  histiocytosis  X,  idiopathic 
histiocytosis,  eosinophilic  granuloma  (uni-  or  multifocal) 

3.17.1  Definition 

Localized  clonal  proliferation  of  immature  Langerhans  cells 
(histiocytes)  consisting  of  reticulum  cells,  multinucleated 
giant  cells,  eosinophils,  lymphocytes,  and  plasma  cells 
(inflammatory  or  reparative  nonneoplastic  nature).  It  is  gen¬ 
erally  considered  not  to  be  a  form  of  cancer. 

Langerhans  cell  histiocytosis  is  a  meoplastic  proliferation 
of  Langerhans  cells  (WHO). 


-  Most  common  sites:  skull,  mandible,  spine,  ribs,  and  long 
bones 

-  Mandible  more  often  than  maxilla,  posterior  regions  in 
particular 

-  Male  predilection,  1-10  years  of  age 

-  Also  generalized  forms  (considered  malignant  disorders, 
at  least  debatable) 

3.1 7.3  Imaging  Features 

-  Punched-out  bone  destruction,  sharply  demarcated,  not 
corticated 

-  No  reactive  sclerosis,  but  periosteal  reaction 

-  Associated  soft-tissue  mass 

-  Usually  no  tooth  resorption,  may  give  a  “floating  teeth” 
appearance 


3.1 7.2  Clinical  Features 

-  Swelling,  pain,  tenderness 

-  Fever,  general  malaise 


3.17  Langerhans  Cell  Histiocytosis 
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Fig.  3.47  Langerhans  cell  histiocytosis,  mandible;  4-year-old  male 
with  pain  and  swelling  in  the  right  cheek  and  jaw  (ramus).  (A) 
Panoramic  view  shows  rather  well-defined  radiolucency  (arrow).  (B) 
Axial  CT  image  shows  punched-out  bone  destruction  at  the  level  of 
mandibular  foramina  (arrow).  (C)  Axial  CT  image  shows  onion  skin 
periosteal  reaction  lingually  (arrow)  and  buccally  (arrowhead).  (D) 
Axial  CT  image,  soft-tissue  window,  shows  well-defined  soft-tissue 


mass  lingually  (arrow)  and  inflammatory  infiltrate  in  connective  tissue 
space  laterally  (arrowhead).  (E)  Axial  CT  image  1  year  after  treatment 
(surgery,  cortisone  medication)  shows  somewhat  thickened  right  ramus 
and  remnant  of  original  buccal  cortex  at  the  level  of  mandibular  foram¬ 
ina,  but  otherwise  normalized  bone.  (F)  Axial  CT  image  shows  normal¬ 
ized  bone  also  at  another  level 
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3.18  Cherubism 

Figs.  3.48,  3.49,  and  3.50 
Synonym:  Familiar  fibrous  dysplasia 

3.18.1  Definition 

Autosomal  dominant  inherited  disease  characterized  by  a 
symmetrical  distension  of  the  mandible  and  the  maxilla  as 
bone  is  replaced  by  cyst-like  and  giant  cell  lesions  often 
leading  to  a  typical  facial  expression.  The  histology  is  indis¬ 
tinguishable  from  giant  cell  granuloma  (WHO). 

3.1 8.2  Clinical  Features 

-  Familial  disease  affecting  100%  of  males  and  up  to  70% 
of  females 


-  Diagnosis  often  made  in  early  childhood  or  preadoles¬ 
cence,  depending  on  severity 

-  Lesions  regress  with  age 

-  More  seldom  lesions  may  show  progression  in  adults 

-  Usually  mandible,  posterior  regions,  but  all  four  jaw 
quadrants  may  be  affected 

-  Symmetric  painless  swellings 

-  Tooth  displacement  and  loosening 

-  Delayed  tooth  eruption 

3.1 8.3  Imaging  Features 

-  Well-delineated,  bilateral  multilocular  radiolucencies; 
soap-bubble  appearance 

-  Thin  corticated  outline,  may  be  perforated 

-  More  sclerotic  abnormalities  with  increasing  age 


Fig.  3.48  Cherubism;  5-year-old  male  (A)  and  13-year-old  male  (B).  Both  panoramic  views  show  typical  bilateral  multilocular  radiolucencies  in 
mandibular  ramus  ( arrows ) 


3.18  Cherubism 
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Fig.  3.49  Cherubism;  10-year-old  male  with  facial  deformity.  (A) 
Panoramic  view  shows  multilocular  radiolucencies  in  the  entire  man¬ 
dible  (and  unerupted  teeth).  (B,  C,  D)  Axial  and  (E)  3D  CT  images 
show  multilocular  lesions  in  the  mandible  ( arrows )  and  maxilla 


(arrowheads).  (F)  Coronal  and  (G)  axial  T2- weighted  MRI  show  het¬ 
erogeneous  (high  to  low)  signal  intensity  lesions  in  the  mandible 
(arrow)  and  maxilla  (arrowhead) 
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Fig.  3.50  Cherubism;  49-year-old  female.  (A)  Panoramic  view  shows 
multilocular  and  monolocular  radiolucencies  in  the  mandible.  (B,  C,  D) 
Axial  CT  images  confirm  radiolucencies  in  the  mandible  (arrow).  (E) 
Axial  CT  image  shows  radiolucencies  also  in  the  maxilla  (arrow).  (F) 
3D  CT  images  of  the  maxilla  and  mandible  show  deformities  in  both 


jaws  (arrows).  (G)  Coronal  STIR  and  (H)  coronal  T2- weighted  MRI 
show  heterogeneous  (low  to  intermediate)  signal  intensity  in  mandible 
and  maxilla  (arrows).  (I)  Axial  T1 -weighted  pre-Gd  and  (J)  axial 
T1 -weighted  post-Gd  MRI  show  heterogeneous  but  solid  contrast 
enhancement  (arrow) 


3.19  Fibrous  Dysplasia 
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3.1 9  Fibrous  Dysplasia 

Figs.  3.51,3.52,  3.53,  and  3.54 

3.19.1  Definition 

Genetically  based  sporadic  disease  of  bone  that  may  affect 
single  or  multiple  bones  (monostotic  or  polyostotic).  Fibrous 
dysplasia  occurring  in  multiple  adjacent  craniofacial  bones 
is  regarded  as  monostotic  (craniofacial  fibrous  dysplasia). 
May  be  part  of  the  McCune- Albright  syndrome  (WHO). 

Nonneoplastic,  self-limiting  but  non-capsulated  lesion 
occurring  mainly  in  young  subjects,  showing  replacement  of 
normal  bone  by  cellular  tissue  containing  islands  or  trabecu¬ 
lae  of  metaplastic  bone. 

3.1 9.2  Clinical  Features 

-  Monostotic  most  common  (70-80%,  femur,  ribs) 

-  Craniofacial  bones  up  to  25%  of  monostotic  forms 

-  Maxilla,  lateral  region  in  particular,  more  frequent  than 
mandible 


-  Painless  swelling,  jaw  asymmetry 

-  Second  and  third  decades 

-  No  sex  predilection 

-  McCune-Albright  syndrome;  polyostotic,  cafe  au  lait 
spots 

3.1 9.3  Imaging  Features 

-  Radiolucency 

-  Mixture  of  radiolucency  and  radiopacity 

-  Radiopacity;  ground-glass  appearance 

-  Unilocular  or  multilocular 

-  Border  poorly  defined;  blend  into  normal  bone,  but  may 
be  more  well  defined  (and  thus  difficult  to  distinguish 
from  ossifying  fibroma;  same  histopathology) 

-  Usually  expanded  bone 

-  May  displace  teeth,  walls  of  nasal  cavity,  paranasal 
sinuses,  and  orbits 

-  Mandibular  canal  may  be  displaced  cranially 

-  Tooth  resorption  rare 

-  T1 -weighted  MRI:  intermediate  signal 

-  T2- weighted  MRI  and  STIR:  heterogeneous  low  signal 

-  T 1  -  weighted  MRI :  contrast  enhancement 


Fig.  3.51  Fibrous  dysplasia,  maxilla  and  mandible;  21-year-old  male  maxilla  and  mandible  with  bilateral  ground-glass  appearance  (arrows). 
with  chronic  renal  failure,  end  stage,  and  several  months  of  history  of  (B)  Axial  CT  image  shows  maxillary  sinus  involvement  bilaterally 
slowly  enlarging  maxillary  mass.  (A)  Axial  CT  image  shows  the  (arrows) 
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Fig.  3.52  Fibrous  dysplasia,  maxilla;  10-year-old  male  with  unilateral 
painless  swelling  of  the  maxilla.  (A)  Panoramic  view  shows  radiopaque 
expansive  process  (arrow)  with  displaced  second  molar.  (B)  Panoramic 
view  at  2.5-year  follow-up  shows  progression  of  process  (arrow). 


(C)  Coronal  CT  image  shows  well-defined  process  with  typical  ground- 
glass  appearance  (arrow);  this  could  have  been  diagnosed  as  an  ossify¬ 
ing  fibroma 


3.19  Fibrous  Dysplasia 
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Fig.  3  .53  Fibrous  dysplasia,  mandible;  14-year-old  male  with  painless  image  shows  process  involving  mandibular  collum  and  condyle  (arrow). 

facial  asymmetry.  (A)  Panoramic  view  shows  enlarged  mandible  with  (D)  Coronal  CT  image  shows  process  involving  coronoid  process 

ground- glass  appearance  (arrow).  (B)  Axial  CT  image  shows  expanded  (arrow) 
mandible  with  ground-glass  appearance  (arrow).  (C)  Coronal  CT 
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Fig.  3.54  Fibrous  dysplasia,  maxilla;  18-year-old  male  with  painless 
and  firm  swelling  in  the  anterior  part  of  the  maxilla.  (A)  Panoramic 
view  shows  diffuse  area  in  maxillary  front  (arrow).  (B)  Occlusal  (tan¬ 
gential)  view  shows  ground-glass  appearance  of  bone  (asterisk).  (C) 
3D  CT  image  shows  nasal  cavity  deformity  (arrowhead)  and  buccal 


expansion  of  the  anterior  maxilla  (arrow).  (D)  Axial  (with  cursor  lines), 
(E)  coronal,  (F)  sagittal,  and  (G,  H,)  and  (I)  axial  CT  images  show 
expanding  bone  with  ground-glass  appearance  in  the  maxilla  and  skull 
base  (arrow) 


3.20  Osseous  Dysplasias 
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3.20  Osseous  Dysplasias 

Figs.  3.55,  3.56,  3.57,  3.58,  and  3.59 

Synonyms:  Periapical  cemental  dysplasia,  periapical  osse¬ 
ous  dysplasia,  cemento-osseous  dysplasia  (WHO  2017), 
periapical  cementoma 

3.20.1  Definition 

Idiopathic  non-neoplastic  fibro-osseous  lesions  located  in 
periapical  region  of  tooth-bearing  jaw  areas,  characterized 
by  replacement  of  normal  bone  by  fibrous  tissue  and  meta¬ 
plastic  bone  (WHO). 

3.20.2  Clinical  Features 

-  Most  common  benign  fibro-osseous  lesion  of  the  jaws 

-  Three  types  (variants):  periapical,  focal,  and  florid  osse¬ 
ous  dysplasia 

-  Incidental  findings  (periapical  or  focal  types) 

-  May  expand  bone  but  usually  (if  not  infected)  no  pain 
(florid  type) 


-  Gigantiform  cementoma  (GC)  considered,  by  WHO,  a 
type  of  osseous  dysplasia  in  2005,  but  not  in  2017 

-  GC;  familiar,  but  may  occur  as  a  solitary  lesion 

-  GC  is  a  rare  form  of  fibro-osseous  lesion 

-  GC  may  show  evident  clinical  swelling/expansion  but  no 
pain 

3.20.3  Imaging  Features 

-  Periapical  osseous  dysplasia  is  located  in  the  anterior 
mandible 

-  Focal  osseous  dysplasia  is  located  in  the  posterior 
mandible 

-  Florid  osseous  dysplasia  is  located  in  all  four  quadrants 
and  may  contain  simple  bone  cyst-like  areas 

-  Periapical  and  focal  types  usually  will  not  expand  bone 

-  Florid  type  may  expand  bone 

-  Osseous  dysplasias  may  be  predominantly  radiolucent  and 
predominantly  radiopaque  or  have  a  mixed  appearance 

-  Radiopacity  tends  to  increase  with  time 

-  GC  may  expand  bone  and  show  highly  mineralized  mass 


Fig.  3.55  Focal  osseous  dysplasia,  mandible;  asymptomatic,  vital  tooth,  with  follow-up.  Intraoral  (periapical)  views  of  molar,  (A)  baseline,  (B) 
about  2  years  later,  and  (C)  about  4  years  after  baseline,  show  periapical  radiolucency  gradually  becoming  more  mineralized  (arrow) 
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Fig.  3.56  Periapical  osseous  dysplasias,  mandible,  incidental  finding, 
vital  teeth.  Intraoral  (periapical)  views  of  incisors:  (A)  one  periapical 
radiolucency  (arrow),  (B)  two  periapical  radiolucencies,  (C)  four 


periapical  radiolucencies,  and  (D)  periapical  radiolucencies  with  radi¬ 
opaque  (mineralized)  content  (arrow) 


Fig.  3.57  Focal  osseous  dysplasia,  mandible;  43-year-old  female,  incidental  finding  at  the  first  mandibular  molar  (patient  examined  for  variable 
pain  from  the  posterior  molar).  (A)  Panoramic  and  (B)  intraoral  views  show  mixed  radiolucent  and  radiopaque  area  at  the  first  molar  roots  (arrow) 


3.20  Osseous  Dysplasias 
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Fig.  3.58  Florid  osseous  dysplasia,  mandible  and  maxilla;  45-year-old 
female  with  some  pain  from  the  second  premolar  in  the  left  mandible. 
(A)  Panoramic  view  shows  radiolucent  areas  both  in  the  mandible  and 
in  the  maxilla  (arrows).  (B,  C,  D)  Axial  CT  images  confirm  radiolucent 
areas  in  the  mandible  and  maxilla  (arrows).  (E,  F,  G)  Axial  T2-weighted 


MRI  and  (H,  I,  J)  coronal  T2-weighted  fat  sat  MRI  show  high-signal 
areas  in  the  mandible  and  maxilla  (arrows).  (K,  L)  Axial  T1 -weighted 
pre-Gd  and  (M)  axial  T1  -weighted  fat  sat  post-Gd  MRI  show  contrast 
enhancement,  predominantly  in  periphery  (arrow) 


118 


3  Benign  Jaw  Tumors  and  Tumorlike  Conditions 


Fig.  3.59  Gigantiform  cementoma,  maxilla/maxillary  sinus;  6-year- 
old  female  with  painless  swelling  of  the  left  cheek.  (A)  Panoramic 
view  shows  highly  mineralized  mass  in  the  left  maxilla/maxillary  sinus 
with  radiolucent  margin  around  most  of  mass  (arrow).  (B)  Clinical 


3.21  Osteoma 

Figs.  3.60,  3.61,  3.62,  3.63,  and  3.64 

3.21.1  Definition 

Benign,  slowly  growing  lesion  consisting  of  well-differentiated 
mature  bone,  with  a  predominantly  lamellar  structure  (WHO). 


photograph  shows  expansion  of  the  left  cheek  (arrow).  (C)  Axial  CT 
image  confirms  highly  mineralized,  expanding  mass  in  the  maxilla/ 
maxillary  sinus  surrounded  by  radiolucent  zone  (arrow).  There  was  no 
family  history  (reproduced  with  permission  from  Noffke  et  al  2012) 


-  All  facial  bones  and  paranasal  sinuses 

-  Most  frequent  (more  than  one-third)  in  a  large  series  of 
jaw  lesions  with  hard- tissue  formation 

3.21 .3  Imaging  Features 

-  Variable  amount  of  compact  bone 

-  Variable  amount  of  cancellous  bone 


3.21 .2  Clinical  Features 

-  Incidental  finding  or  painless  hard  swelling 

-  Mandible  and  maxilla 


3.21  Osteoma 
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Fig.  3.61  Osteoma,  mandible;  23 -year-old  male  with 
incidental  finding  at  routine  dental  radiography.  Coronal  CT 
image  shows  exostotic  tumor  predominantly  of  cortical 
bone  {arrow)  at  lingual  aspect  of  mandibular  ramus 
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Fig.  3.62  Osteoma,  mandible;  93-year-old  female,  incidental 
finding.  Coronal  CT  shows  bony  outgrowth  (exostosis)  at  lower 
mandibular  border  (arrow) 


Fig.  3.63  Osteoma,  mandible;  26-year-old  female  with  hard  swelling  cursor  line),  and  (D)  coronal  CT  images  show  bony  outgrowth  in  the 
in  molar  region  of  the  left  mandible.  (A)  Panoramic  view  shows  radi-  left  mandible  (arrow).  (E,  F)  3D  CT  images  better  show  morphology  of 
opacities  in  the  left  mandible  (arrow).  (B)  Axial  CT,  (C)  axial  (with  bony  outgrowths  (arrow) 


3.22  Exostoses 
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Fig.  3.64  Osteoma,  maxillary  sinus;  29-year-old  female,  incidental  nal,  and  (E)  sagittal  CT  images  show  bony  outgrowth  (exostosis)  from 

finding.  (A)  Panoramic  view  shows  radiopacity  in  the  left  premolar-  the  maxillary  sinus  wall  (arrow) 
molar  region  (arrow).  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D)  coro- 


3.22  Exostoses  -  Maxilla;  torus  palatinus  in  midline 

-  Maxilla;  multiple  exostoses  in  premolar  region  bilater- 
Figs.  3.65,  3.66,  3.67,  3.68,  and  3.69  ally;  more  common  buccally  than  palatally 


3.22.1  Definition  3.22.3  Imaging  Features 

Outgrowth  of  normal  cancellous  and  compact  bone  in  certain  -  See  Osteoma, 
areas. 


3.22.2  Clinical  Features 

-  Mandible;  torus  mandibularis  in  premolar  regions  lin- 
gually  and  bilaterally 
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Fig.  3.65  Torus  mandibularis;  painless  hard  lingual  swellings. 
Axial  CT  image  shows  bilateral  exostoses  ( arrows ) 


Fig.  3.66  Torus  palatinus;  painless  hard  swelling.  (A)  Clinical  photo-  shows  exostosis  with  thick  layer  of  compact  bone  (arrow).  (C)  Coronal 
graph  shows  large  torus  with  normal  mucosa  in  the  midline  of  the  palate  CT  of  smaller  torus  in  another  patient  (arrow) 

(arrow).  (B)  Coronal  conventional  tomography  of  the  same  patient 


3.22  Exostoses 
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Fig.  3.67  Torus  palatinus;  84-year-old  male,  incidental  finding.  (A)  Axial,  (B)  sagittal,  and  (C)  coronal  CT  images  show  bony  outgrowth  in  the 
midline  of  the  hard  palate  (arrow) 


Fig.  3.68  Exostoses  (palatal)  in  the  maxilla  and  torus  palatinus; 
47-year-old  female,  incidental  finding.  Coronal  CT  image  shows 
palatal  exostoses  bilaterally  ( arrows )  in  addition  to  torus  palatinus 


Fig.  3.69  Multiple  exostoses  in  the  maxilla;  painless  hard 
swellings  buccally  in  premolar  region.  Axial  CT  image  shows 
multiple  buccal  exostoses  bilaterally  ( arrows ) 
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3.23  Idiopathic  Osteosclerosis 

Figs.  3.70,  3.71,  and  3.72 

Synonyms:  Dense  bone  island,  enostosis,  periapical  idio¬ 
pathic  osteosclerosis 

3.23.1  Definition 

Localized  growth  of  compact  bone  within  cancellous  bone. 


3.23.3  Imaging  Features 

-  Well-defined  outline  without  peripheral  radiolucency 
(capsule,  periodontal  membrane) 

-  No  expanding  bone 

-  Usually  homogeneous  radiopacity  but  may  be 
heterogeneous 

-  More  common  in  mandible  than  in  maxilla 

-  Most  often  in  premolar-molar  region 

-  Location  independent  of  teeth 

-  Rarely  related  to  root  resorption 

-  If  multiple,  Gardner’s  syndrome  should  be  considered 


3.23.2  Clinical  Features 

-  Incidental  finding 


Fig.  3.70  Idiopathic  osteosclerosis,  incidental  finding  at  the  first  molar  in  the  left  mandible.  (A)  Panoramic  and  (B)  intraoral  views  show  well- 
defined  (sharply  delineated)  radiopacity  without  radiolucent  peripheral  zone  (arrow) 


3.23  Idiopathic  Osteosclerosis 
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Fig.  3.71  Idiopathic  osteosclerosis;  37-year-old  female,  incidental  oblique  sagittal  CT  images  show  well-defined  (sharply  delineated)  radi- 
hnding  at  the  second  molar  in  the  left  mandible.  (A)  Panoramic,  (B)  opacity  closely  located  to  intact  distal  root  of  the  second  molar  (arrow) 
axial,  (C)  axial  (with  cursor  lines),  (D)  oblique  coronal,  and  (E,  F) 


Fig.  3.72  Idiopathic  osteosclerosis;  59-year-old  male,  incidental  finding  in  the  right  maxilla.  (A)  Panoramic  view  and  (B)  axial  CT  image  show 
well-defined  (sharply  delineated)  radiopacity  without  radiolucent  peripheral  zone  (arrow) 
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3.24  Odontoma 

Fig.  3.73 

3.24.1  Definition 

Tumorlike  malformation  (hamartoma)  in  which  enamel  and 
dentin,  and  sometimes  cementum,  are  present  (WHO). 

Characteristically  surrounded  by  a  fibrous  capsule  and 
subdivided  into  compound  and  complex  odontoma. 

3.24.2  Clinical  Features 

-  Incidental  finding 


-  Tooth-bearing  regions  of  the  maxilla  or  mandible,  mostly 
in  the  posterior  part  of  the  mandible 

-  Usually  found  during  the  second  decade 

-  No  sex  predilection 

3.24.3  Imaging  Features 

-  Predominantly  an  amorphous  radiopacity,  including 
enamel,  but  also  soft  tissue  (complex  type) 

-  Surrounded  by  a  radiolucent  zone;  fibrous  capsule 

-  Compound  type,  more  similar  to  teeth,  consisting  of  sev¬ 
eral  individual  odontoids 


Fig.  3.73  Odontoma  (complex  type),  maxilla;  15 -year-old  female  with 
incidental  finding  at  orthodontic  consultation.  (A)  Panoramic  view 
shows  large  radiopaque  mass  in  the  right  maxillary  sinus  (arrow).  (B) 


Coronal  CT  image  shows  large  mass  of  cortex  or  enamel  density  in  the 
right  maxillary  sinus  (arrow),  surrounded  by  fibrous  capsule,  with 
destroyed  lateral  sinus  wall  and  root  resorption 
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Abstract 

This  chapter  illustrates  bone-destructive  tumors;  squamous  cell  carcinoma,  mucoepider¬ 
moid  carcinoma,  adenoid  cystic  carcinoma,  non-Hodgin’s  lymphoma,  multiple  myeloma, 
plasmacytoma,  leukemia,  bone-destructive  and  bone-productive  tumors;  osteosarcoma, 
chondrosarcoma,  Ewing  sarcoma,  soft- tissue  sarcomas;  rhabdomyosarcoma,  leiomyosar¬ 
coma,  and  jaw  metastases. 


4.1  Introduction 

A  simple,  general  definition  of  malignancy  is  “A  term  for 
diseases  in  which  abnormal  cells  divide  without  control  and 
can  invade  nearby  tissues.  Malignant  cells  can  also  spread  to 
other  parts  of  the  body  through  the  blood  and  lymph  sys¬ 
tems”  (National  Cancer  Institute,  USA,  2016). 

Malignant  tumors  of  the  jaws  are  relatively  uncommon  in 
most  parts  of  the  world.  When  they  occur,  they  should  be 
examined  with  advanced  imaging  modalities  to  achieve  the 
most  precise  diagnosis  and  hence  the  best  possible  treatment. 
This  chapter  is  divided  into  tumors  which  are  bone  destruc¬ 
tive  and  in  those  which  are  bone  destructive  and  bone  pro¬ 
ductive  to  emphasize  their  principal  difference  in  imaging 
appearance.  Soft-tissue  sarcomas  are  also  illustrated.  The 
listing  of  malignant  tumors  is  rather  representative  but  far 
from  complete. 

Many  cases  in  this  chapter  include  a  panoramic  view 
and  a  few  cases  even  intraoral  views  because  specialists 
and  practitioners  in  the  dental  field  are  familiar  with  con¬ 
ventional  jaw  radiography.  However,  in  most  cases,  CT  is 
applied,  and  several  cases  are  supplemented  with  MRI  and 
occasionally  with  PET,  PET-CT,  and  other  nuclear  medi¬ 
cine  scanning  (1-131,  technetium-99).  In  selected  patients, 
follow-up  images,  clinical  photos,  and  surgical  specimens 
are  shown. 


4.2  Bone-Destructive  Tumors 

Squamous  cell  carcinoma,  mucoepidermoid  carcinoma,  ade¬ 
noid  cystic  carcinoma,  non-Hodgin’s  lymphoma,  multiple 
myeloma,  plasmacytoma,  and  leukemia  are  illustrated. 


4.3  Squamous  Cell  Carcinoma 

Figs.  4.1,  4.2,  4.3,  4.4,  4.5,  4.6,  4.7,  4.8,  and  4.9 
Synonyms:  Epidermoid  carcinoma. 

4.3.1  Definition 

Malignant  epithelial  neoplasm  exhibiting  squamous  differ¬ 
entiation  as  characterized  by  the  formation  of  keratin  and/or 
presence  of  intercellular  bridges  (WHO). 

4.3.2  Clinical  Features 

-  Most  common  malignancy  of  oral  cavity 

-  Most  common  malignancy  of  jaw  bone  (due  to  frequent 
invasion) 

-  2^1%  of  all  malignancies  in  the  USA  and  Europe 


In  collaboration  with  H.-J.  Smith,  G.  St0re. 
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-  Much  higher  prevalence  in  certain  countries  (due  to  habits 
such  as  inverse  smoking) 

-  Males  more  frequent  than  females 

-  Older  age  groups  (50  years  and  older),  but  also  younger 
than  30  years 

-  Most  frequent  in  tongue,  floor  of  mouth,  and  mandibular 
gingiva;  retromolar  trigone,  anterior  tonsillar  pillar,  and 
soft  palate 

-  Erythroplakia  developing  in  leukoplakia 

-  Ulceration  surrounded  by  indurated  or  sharply  defined 
border 

-  Predominantly  white  and  warty  growth 

-  Advanced  stage:  pain,  paresthesia,  pathologic  fracture 

4.3.3  Imaging  Features 

-  Soft-tissue  mass 

-  Bone  radiolucency,  secondary  invasion  of  bone 


-  Border  of  bone  destruction  ill  defined 

-  Bone  invasion  frequent  in  gingival  mandibular  cancers, 
generally  considered  to  be  about  50%,  but  up  to  85% 
reported  in  the  upper  jaw;  maxillary  sinus  frequently 
involved 

-  Floating  teeth;  tooth  resorption  uncommon 

-  Advanced  stage:  pathologic  fracture 

-  T1 -weighted  MRI:  intermediate-low  signal 

-  T2- weighted  and  STIR  MRI:  high  signal 

-  T1 -weighted  MRI:  contrast  enhancement 

Most  carcinomas  found  in  jaws  have  invaded  from 
lesions  of  the  oral  cavity.  However,  primary  intraosseous 
carcinoma  may  arise  within  the  jaw  “having  no  initial  con¬ 
nection  with  oral  mucosa,  and  presumably  developing  from 
residues  of  odontogenic  epithelium”  (WHO). 


Fig.  4.1  Squamous  cell  carcinoma,  mandible;  70-year-old  female  with 
previous  oral  leukoplakia  that  developed  erythroplakia  and  soreness. 
(A)  Clinical  photograph  shows  leukoplakia  that  transformed  to  gingival 
cancer  (arrows).  (B)  Intraoral  panoramic  view  shows  diffuse  bone 


destruction  (arrows)  due  to  tumor  infiltration.  (C)  Intraoral  views  con¬ 
firm  diffuse  alveolar  bone  destruction  in  front  area  (arrow)  but  other¬ 
wise  show  normal  periodontal  bone  support  (arrowheads) 


4.3  Squamous  Cell  Carcinoma 
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Fig.  4.2  Squamous  cell  carcinoma,  mandible;  58-year-old  male  with 
mass  in  the  right  mandible,  trismus,  and  some  paresthesia.  (A) 
Panoramic  view  shows  severe  destruction  of  almost  the  entire  right 
mandibular  ramus  (arrow)  and  floating  tooth  (second  molar).  (B) 


Intraoral  view  about  1  month  earlier  shows  bony  destruction  around 
second  molar.  (C)  Panoramic  view  3  years  earlier  shows  normal  man¬ 
dibular  bony  structures 
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Fig.  4.3  Squamous  cell  carcinoma,  mandible;  37-year-old  male  with 
painless  gingival  soft-tissue  swelling.  (A)  Panoramic  view  shows  dif¬ 
fuse  bone  destruction  (arrow)  and  soft- tissue  mass  (arrowhead).  (B) 
Axial  CT  image  with  cheek  blowing  shows  bone  destruction  (arrow) 
and  soft-tissue  mass  (arrowhead)  adherent  to  the  mandible.  (C)  Axial 


CT  image,  soft-tissue  window,  with  cheek  blowing  shows  soft-tissue 
mass  (arrows)  adherent  to  the  mandible.  (D)  Axial  contrast-enhanced 
CT  image,  soft-tissue  window,  shows  contrast-enhanced  soft-tissue 
mass  (arrows) 


4.3  Squamous  Cell  Carcinoma 
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Fig.  4.4  Squamous  cell  carcinoma,  mandible;  60-year-old  male  with 
pain-free  mass  and  two  loose  teeth  in  left  mandible.  (A)  Panoramic  view 
shows  destruction  in  alveolar  ridge  in  left  mandible  (arrow).  There  is 
normal  periodontal  bone  level  in  other  parts  of  dentition.  (B,  C,  D)  Axial 
CT  images  show  destruction  of  lingual  cortical  bone  (arrow).  (E)  Axial 
T1 -weighted  pre-Gd  and  (F)  axial  T1 -weighted  fat  sat  post-Gd  MRI 


shows  contrast  enhancement  both  lingually  and  buccally  relative  to  man¬ 
dible  (arrows).  (G)  Coronal  STIR  MRI  shows  tumor  in  left  sublingual 
and  submandibular  spaces  inhitrating  and  destroying  mylohyoid  muscle 
on  the  left.  Lesion  is  also  invading  intrinsic  muscles  of  tongue  (arrow). 
(H,  I)  Clinical  photographs  show  mass  lingually  (arrow)  and  buccally 
(arrowhead).  (J)  Surgical  specimen 
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Fig.  4.5  Squamous  cell  carcinoma,  mandible;  55-year-old  male  with 
oral  leukoplakia  several  locations  in  oral  cavity  for  many  years,  then 
developed  pain  and  soreness,  and  cancer  in  tooth  socket  after  molar 
extraction  (panoramic  view  and  CT  were  negative).  (A)  Coronal  STIR 
MRI  shows  small  area  of  high  signal  in  cranial  part  of  the  alveolar  bone 


and  gingival  tissue  (arrow).  (B)  Axial  STIR  MRI  shows  high  signal  in 
the  alveolar  bone  and  buccally  (arrow).  (C)  Axial  T1 -weighted  pre-Gd 
MRI  shows  reduced  signal  in  bone  marrow  (arrow).  (D)  Axial 
T1 -weighted  post-Gd  MRI  shows  contrast  enhancement  in  bone  mar¬ 
row  and  buccal  mass  (arrow) 


4.3  Squamous  Cell  Carcinoma 
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Fig.  4.6  Squamous  cell  carcinoma,  maxilla;  65-year-old  female  with  tomogram  shows  destruction  of  the  alveolar  bone  with  tumor  growth 
ulcer  beneath  the  upper  denture.  (A)  Panoramic  view  shows  loss  of  into  the  maxillary  sinus  (arrow) 
bony  wall  of  right  maxillary  sinus  (arrow).  (B)  Coronal  conventional 


Fig.  4.7  Squamous  cell  carcinoma,  maxilla;  70-year-old  female  with 
some  bleeding  from  tender  soft-tissue  mass  of  right  gingival  mucosa. 
(A)  Coronal  CT  image  shows  destruction  of  maxillary  sinus  delineation 
(arrow)  and  soft-tissue  mass.  (B)  Coronal  T2-weighted  fat- suppressed 


MRI  shows  soft-tissue  tumor  invading  maxillary  sinus  (arrow)  and 
high- signal  mucosal  thickening  (arrow  head)  (courtesy  of  Dr  N 
Kakimoto,  Osaka  University  Graduate  School  of  Dentistry) 
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Fig.  4.8  Squamous  cell  carcinoma,  maxilla;  64-year-old  female  with 
left  maxillary  mass.  (A)  Axial  (soft-tissue)  and  (B)  axial  (bone  window) 
CT  images  show  large  soft-tissue  tumor  (arrow)  and  destruction  of 


maxillary  alveolar  process  (arrowhead).  (C)  Axial  contrast-enhanced 
CT  image  of  submandibular  region  shows  two  enlarged  and  necrotic 
lymph  nodes:  levels  lb  and  Ha  (arrows) 


Fig.  4.9  Squamous  cell  carcinoma,  mandible;  58-year-old  male  with 
known  (and  treated)  cancer  in  anterior  floor  of  the  mouth  with  invasion 
of  the  anterior  mandible.  (A)  US  and  (B)  (US  Doppler)  images  show 
lymph  node  features  suspect  for  metastasis:  enlargement  (arrow), 
rounded  shape,  loss  of  fat  hilus,  and  vascularization.  (C)  Axial  post¬ 


contrast  CT  image  of  submandibular  region  shows  corresponding 
enlarged  and  necrotic  lymph  node  (arrow),  level  lb.  Viable  metastatic 
node  verified  by  cytology  (courtesy  of  Dr.  Lennart  Flygare,  Umea 
University  Hospital,  Umea,  Sweden) 


4.4  Mucoepidermoid  Carcinoma 


137 


4.4  Mucoepidermoid  Carcinoma 

Figs.  4.10  and  4.11 

4.4.1  Definition 

Tumor  characterized  by  the  presence  of  squamous  cells, 
mucus-producing  cells,  and  cells  of  intermediate  type  (WHO). 

Malignant  epithelial  neoplasm  arising  in  bone  likely  orig¬ 
inating  from  odontogenic  epithelium  residues  or  from  cyst 
lining. 

4.4.2  Clinical  Features 

-  Swelling  with  or  without  pain,  or  incidental  finding  at 
routine  dental  radiography 

-  Mandible,  posterior  regions,  more  frequent  than  maxilla 

-  Females  more  frequent  than  males  (unlike  most  oral 
carcinomas) 


-  Fourth  and  fifth  decades,  but  may  occur  in  any  age  group 

-  Spread  to  regional  lymph  nodes  in  less  than  10%  and  only 
occasionally,  metastasis 

4.4.3  Imaging  Features 

-  Unilocular  or  multilocular  radiolucency 

-  Border  well  defined  and  sclerotic 

-  Cortical  plates  as  well  as  lower  mandibular  border  may  be 
intact 

-  May  be  expansive  and  resembles  ameloblastoma  or  odon¬ 
togenic  cyst;  thus  predominantly  benign  appearance 

-  Frequently  associated  with  cyst  and/or  impacted  tooth 
(30-50%) 

-  T1 -weighted  MRI:  intermediate-low  signal 

-  T2- weighted  and  STIR  MRI:  high  signal 

-  T1 -weighted  post-Gd  MRI:  predominantly  no  contrast 
enhancement;  only  contrast  enhancement  in  thin  peripheral 
rim  of  cyst  and  areas  of  solid  tumor 


138 


4  Malignant  Tumors  in  Jaws 


Fig.  4.10  Mucoepidermoid  carcinoma,  mandible;  46-year-old  male 
with  incidental  finding  at  routine  dental  radiography  of  impacted  wis¬ 
dom  teeth.  (A)  Panoramic  view  shows  multilocular  radiolucency 
(i arrows )  with  intact  mandibular  border  (< arrowhead)  and  impacted  third 
molar.  (B)  Axial  CT  image  shows  multilocular  radiolucency  (arrow) 
with  defect  in  lingual  cortical  bone.  (C)  Coronal  CT  image  shows  mul¬ 
tilocular  radiolucency  (arrow).  (D)  Coronal  CT  image  shows  bone 
destruction  lingually  (arrow);  note  in  particular  at  the  lower  mandibular 
border  (arrowhead).  (E)  Coronal  T2- weighted  MRI  shows  high  signal 
in  multilocular  process  (arrow).  (F)  Coronal  T1 -weighted  post-Gd  MRI 


shows  contrast  enhancement  only  in  thin  peripheral  rim  (arrow)  except 
in  a  more  solid  component  lingually  at  lower  mandibular  border  (arrow¬ 
head).  (G)  Surgical  specimen  shows  tumor  lingually  (arrow).  (H) 
Vascular  fibula  graft.  (I)  Fibula  graft  in  situ  with  titanium  plate  (G,  H, 
I:  courtesy  of  Dr.  T.  Bjomland,  Oslo  University  Hospital,  Rikshospitalet, 
Oslo,  Norway).  (J)  3D  CT  image  5  years  postoperatively  shows  excel¬ 
lent  healing  of  graft  and  no  tumor  recurrence.  (K,  L,  and  M)  Clinical 
photographs  en  face,  right  and  left  (operated)  side,  respectively,  5  years 
after  surgery  show  completely  rehabilitated  patient  with  normal  man¬ 
dibular  function  (mouth-opening  capacity  more  than  40  mm) 


4.4  Mucoepidermoid  Carcinoma 
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Fig.  4.1 0  (continued) 
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Fig.  4.11  Mucoepidermoid  carcinoma,  maxilla;  12-year-old  male 
with  pain-free  mass  in  the  hard  palate.  (A)  Panoramic  view  shows 
apparently  normal  interior  border  of  right  maxillary  sinus  (arrow).  (B) 
Clinical  photograph  of  tumor  (arrow).  (C)  Coronal  and  (D)  axial  CT 
images  show  destruction  in  the  hard  palate  (asterisk)  and  soft-tissue 
mass  (arrow)  in  right  maxillary  sinus,  probably  representing  both  tumor 
and  mucosal  thickening.  (E,  F,  G)  Coronal  STIR  MRI  shows  mucosal 
thickening  in  the  right  maxillary  sinus  and  tumor  in  the  hard  palate  with 


cystic  (arrow)  and  solid  (arrowhead)  components.  (H)  Coronal 
T1 -weighted  post-Gd  MRI  and  (I)  coronal  T1 -weighted  fat  sat  post-Gd 
MRI  show  contrast  enhancement  in  periphery  of  maxillary  sinus 
(mucosal  thickening)  (arrowhead)  and  in  periphery  of  cystic/necrotic 
tumor  (arrow)  and  in  solid  (enhancing)  part  of  tumor  (asterisk).  (J) 
Axial  T1 -weighted  post-Gd  MRI  shows  cystic/necrotic  (arrow)  and 
solid  (annotated)  components  of  tumor. 


4.5  Adenoid  Cystic  Carcinoma 
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4.5  Adenoid  Cystic  Carcinoma 

Figs.  4.12  and  4.13 

4.5.1  Definition 

Infiltrative  malignant  tumor  having  various  histologic  fea¬ 
tures  with  three  growth  patterns:  glandular  (cribriform), 
tubular,  or  solid.  Tumor  cells  are  of  two  types:  duct-lining 
cells  and  myoepithelial  cells.  Perineural  or  perivascular 
spread  without  stromal  reaction  is  very  characteristic.  All 
structural  types  of  adenoid  cystic  carcinoma  can  be  associ¬ 
ated  in  the  same  tumor  (WHO). 

4.5.2  Clinical  Features 

-  Most  commonly  seen  (although  rare)  in  minor  salivary 
glands  of  the  head  and  neck,  usually  palate 


-  Mostly  as  a  painless  mass,  slowly  growing 

-  Unlike  most  carcinomas,  seldom  metastasizes  to  regional 
lymph  nodes 

-  Lung  most  common  site  of  metastasis 

-  Perineural  spread  in  more  than  50%;  frequent  distant 
metastasis 

-  High  survival  rate  after  5  years,  low  after  15  years 

-  Slight  female  predominance 

-  Fourth  to  sixth  decades 


4.5.3  Imaging  Features 

-  Soft-tissue  mass 

-  Radiolucency 

-  Border  of  bone  destruction  ill  defined 

-  Widened  foramina  such  as  major  palatine  foramen 

-  Perineural  invasion  of  major  nerves  characteristically 
found;  skip  lesions 


142 


4  Malignant  Tumors  in  Jaws 


Fig.  4.12  Adenoid  cystic  carcinoma,  mandible;  43-year-old  female 
with  loose  anterior  teeth  and  hard  gingival  swelling.  (A)  Clinical  photo¬ 
graph  shows  buccal  swelling  with  normal  mucosa  (arrow).  (B)  Clinical 
photograph  shows  lingual  swelling  with  normal  mucosa  (arrow).  (C) 
Intraoral  views  show  ill-defined  bone  destruction  around  several  teeth. 
(D)  Panoramic  view  shows  destruction  around  anterior  teeth  (arrow) 
and  widened  mandibular  canal  (arrowhead).  (E)  Axial  CT  image  shows 
bone  destruction  around  anterior  teeth  (arrow)  and  widened  mandibular 
canal  (arrowhead).  (F)  Axial  T1 -weighted  pre-Gd  MRI  shows  cortical 
bone  destruction  (arrow)  and  reduced  signal  from  marrow  in  the  entire 
mandible  to  molar  region  on  the  left  side  (arrowhead).  (G)  Axial 


T-weighted  post-Gd  MRI  shows  tumor  expansion  in  anterior  region 
(arrow)  and  enhancement  of  the  entire  mandibular  marrow  to  molar 
region  on  the  left  side  (arrowhead).  (H)  Coronal  STIR  MRI  shows 
enhancement  of  neurovascular  tumor  spread  from  mandibular  foramen, 
approaching  oval  foramen  (arrowhead).  (I)  Sagittal  STIR  MRI  shows 
high- signal  neurovascular  tumor  spread  from  mandibular  foramen 
(arrowhead).  (J)  Surgical  specimen.  (K)  Surgical  specimen,  cut  in  two 
to  show  tumor  invasion  in  mandibular  canal  (arrow).  (L)  Surgical  spec¬ 
imen  from  neurovascular  tumor  spread  from  mandibular  foramen  (see 
I).  (M)  Panoramic  view  shows  reconstructed  lower  jaw  (fibula  graft) 
with  dental  implants 


4.5  Adenoid  Cystic  Carcinoma 
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Fig.  4.1 2  (continued) 


144 


4  Malignant  Tumors  in  Jaws 


Fig.  4.1 3  Adenoid  cystic  carcinoma,  maxilla;  70-year-old  female  with 
painless  swelling  in  the  hard  palate;  aspiration  from  soft  part  showed 
“fluid.”  (A)  Axial  CT  image  shows  destruction  in  the  hard  palate 
(arrow).  (B)  Coronal  CT  image  shows  widened  major  palatine  foramen 
and  pterygopalatine  fissure  (arrow).  (C)  Axial  T2- weighted  MRI  shows 


high  signal  consistent  with  fluid  (arrowhead)  and  tumor  (arrow).  (D) 
Coronal  T1  -weighted  pre-Gd  MRI  shows  reduced  signal  in  bone  mar¬ 
row;  intermediate-low  signal  of  tumor  (arrow).  (E)  Coronal 
T1 -weighted  post-Gd  MRI  shows  contrast  enhancement  of  tumor 
(arrow) 


4.6  Non-Hodgkin's  Lymphoma 
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4.6  Non-Hodgkin's  Lymphoma 

Figs.  4.14,  4.15,  4.16,  4.17,  and  4.18 

4.6.1  Definition 

Malignancy  of  the  lymphatic  system  without  Reed-Sternberg 
cells  (as  opposed  to  Hodgkin’s  lymphoma  presenting  with 
Reed-Sternberg  cells). 

4.6.2  Clinical  Features 

-  May  involve  all  types  of  lymphocytes,  most  commonly 
B-cells. 

-  Most  commonly  seen  in  lymph  nodes  but  may  involve 
extranodal  sites. 

-  Such  sites  include  maxillary  sinus  and  maxilla  or,  less  fre¬ 
quently,  mandible. 

-  Hodgkin’s  lymphoma  is  predominantly  a  nodal  disease. 


-  All  age  groups,  adults  in  particular  (except  Burkitt’s 
lymphoma). 

-  Burkitt’s  (non-Hodgkin’s)  lymphoma  was  initially 
described  as  African  jaw  lymphoma,  affects  children, 
shows  rapid  growth,  and  may  involve  one  or  both 
jaws. 

4.6.3  Imaging  Features 

-  Soft-tissue  mass 

-  Radiolucency 

-  Border  of  bone  destruction  ill  defined 

-  Non-Hodgkin’s  lymphoma,  and  rarely  Hodgkin’s  lym¬ 
phoma,  may  present  with  necrotic  lymph  nodes 

-  However,  it  is  not  possible  to  definitely  distinguish 
between  non-Hodgkin’s,  Hodgkin’s,  and  metastatic 
lymph  nodes  based  on  CT  and  MRI 

-  T1 -weighted  MRI:  intermediate-low  signal 

-  T2- weighted  and  STIR  MRI:  intermediate  signal 

-  T1 -weighted  post-Gd  MRI:  contrast  enhancement 
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Fig.  4.14  B-cell  lymphoma,  maxilla;  49-year-old  male  with  slight 
swelling,  painless,  but  treated  for  apical  periodontitis  in  the  right  max¬ 
illa.  (A)  Clinical  photograph  shows  buccal  swelling  with  normal 
mucosa  (arrow).  (B)  Clinical  photograph  shows  palatal  swelling  with 
normal  mucosa  (arrow).  (C)  Panoramic  view  shows  diffuse  alveolar 
bone  destruction  (arrow).  (D)  Axial  CT  image  shows  ill-defined  alveo¬ 
lar  bone  destruction  (arrow).  (E)  Axial  CT  image  shows  ill-defined 
bone  destruction  of  sinus  walls  (arrow).  (F)  Coronal  CT  image  shows 
bone  destruction  and  tumor  in  maxillary  sinus  (arrow).  (G)  Axial 


T2-weighted  MRI  shows  expanded  alveolar  bone  with  intermediate- 
low  signal  (arrow).  (H)  Coronal  STIR  MRI  shows  intermediate  signal 
of  tumor  (arrow)  and  high  signal  from  mucosal  thickening  in  maxillary 
sinus.  (I)  Axial  T1 -weighted  pre-Gd  MRI  shows  intermediate-low- 
signal  tumor  in  bone  marrow  of  maxilla  (arrow).  (J)  Axial  T1 -weighted 
post-Gd  MRI  shows  contrast  enhancement  of  tumor  (arrow).  (K) 
Coronal  T1 -weighted  post-Gd  MRI  shows  contrast  enhancement  of 
tumor  (arrow) 


4.6  Non-Hodgkin's  Lymphoma 
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Fig.  4.1 4  (continued) 


Fig.  4.1 5  B-cell  lymphoma,  mandible;  53-year-old  male  with  right-sided  neck  mass.  (A)  Contrast-enhanced  axial  CT  image  shows  destruction  in 
the  mandible  (arrow).  (B)  Axial  PET-CT  image  shows  intense  hypermetabolic  activity  in  tumor  (arrow) 
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Fig.  4.1 6  B-cell  lymphoma,  maxilla;  74-year-old  female  with  painless 
swelling  of  the  cheek.  (A)  Axial  CT  image  shows  ill-defined  bone 
destruction  of  the  palate  (arrow).  (B)  Coronal  CT  image  shows  ill- 
defined  bone  destruction  of  the  alveolar  bone  (arrow).  (C)  Coronal 
T1 -weighted  pre-Gd  MRI  shows  intermediate-low-signal  tumor  in 
bone  marrow  (arrow).  (D)  Coronal  STIR  MRI  shows  intermediate- 
high-signal  tumor  (arrow).  (E)  Axial  T1 -weighted  pre-Gd  MRI  shows 


intermediate-low- signal  tumor  in  buccal  soft  tissue  and  marrow  of  the 
alveolar  bone  (arrow),  crossing  the  midline  (arrowhead).  (F)  Axial 
T1 -weighted  pre-Gd  MRI  shows  intermediate-low- signal  tumor  in 
more  than  half  of  maxilla  and  in  buccal  soft  tissue  (arrow).  (G)  Axial 
T1 -weighted  fat  sat  post-Gd  MRI  shows  contrast  enhancement  in  bone 
and  soft  tissue  (arrow) 


4.6  Non-Hodgkin's  Lymphoma 
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Fig.  4.1 7  B-cell  lymphoma,  mandible;  80-year-old  female  with  mass 
in  the  right  cheek.  (A)  Coronal  (soft-tissue  window)  and  (B)  axial  (soft- 
tissue  window)  CT  images  show  destruction  of  mandibular  ramus  and 
soft- tissue  mass  (arrow).  (C)  Axial  (bone  window)  CT  image  shows 
severe  destruction  of  mandibular  ramus  (arrow).  (D)  Percutaneous  core 


biopsy  of  tumor  using  a  16-gauge  core  biopsy  needle.  (E)  Axial  PET-CT 
image  shows  intense  hypermetabolic  activity  consistent  with  lym¬ 
phoma  involvement  of  both  kidneys  (arrows).  (F)  Whole-body  PET 
scanning  shows  intense  hypermetabolic  activity  in  the  mandible  and  in 
both  kidneys  (arrows) 
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4.6  Non-Hodgkin's  Lymphoma 
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Fig.  4.1 8  (continued) 


■< - 

Fig.  4.18  Burkitt’s  lymphoma,  mandible  and  maxilla;  11-year-old 
male  with  swelling  of  the  upper  and  lower  jaw.  (A)  Panoramic  view 
shows  destruction  of  the  alveolar  bone  bilaterally  in  molar  area 
(arrows).  (B)  Axial  T2- weighted  MRI  shows  expansion  of  alveolar  pro¬ 
cesses  bilaterally  in  the  maxilla  (arrows).  (C)  Coronal  T2- weighted 
MRI  shows  tumor  in  maxillary  sinus  bilaterally  (arrows).  (D)  Axial 
T2-weighted  MRI  shows  tumor  expansion  bilaterally  in  the  mandible 


(arrows).  (E)  Axial  CT  image  shows  expansion  of  maxilla  with  bone 
destruction  bilaterally  (arrows).  (F)  Axial  CT  image,  2  months  post¬ 
treatment,  shows  near  normalization  of  the  maxilla.  (G)  Axial  CT 
image  shows  bone  destruction  of  mandible  bilaterally  (arrows).  (H) 
Axial  CT  image,  2  months  posttreatment,  shows  near  normalization  of 
the  mandible 
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4.7  Multiple  Myeloma 

Figs.  4.19,  4.20,  and  4.21 
Synonyms:  Myeloma,  myelomatosis. 

4.7.1  Definition 

Malignant  tumor,  usually  with  multiple  or  diffuse  bone 
involvement  by  neoplastic  plasma  cells  showing  varying 
degrees  of  immaturity,  including  atypical  forms.  Lesions  are 
often  associated  with  the  presence  of  abnormal  proteins  in 
blood  and  urine  and  occasionally  with  the  presence  of  amy¬ 
loid  or  para-amyloid  in  tumor  tissue  or  other  organs  (WHO). 
Plasmacytoma  is  a  solitary  form  of  multiple  myeloma. 


4.7.2  Clinical  Features 

-  Most  common  primary  bone  malignancy  in  adults 

-  Males  more  frequent  than  females 

-  Older  age  groups  (50  years  and  older) 

-  Bone  pain,  malaise 

-  No  curative  treatment 

-  Jaw  involvement  seldom  and  usually  asymptomatic 

4.7.3  Imaging  Features 

-  Multiple  radiolucencies,  skull  more  often  than  jaws 

-  Mandible  more  often  than  maxilla 

-  Punched-out  bone  destruction 


Fig.  4.19  Multiple  myeloma,  skull;  63-year-old  female  with  inciden-  out  radiolucencies  in  the  skull  without  sclerotic  margins  (some  radiolu- 
tal  findings  (discovered  during  paranasal  sinus  examination).  (A)  cencies  indicated  by  arrows ) 

Lateral  and  (B)  frontal  CT  scout  view  images  show  multiple  punched- 


4.7  Multiple  Myeloma 


153 


Fig.  4.20  Multiple  myeloma,  maxilla;  61 -year-old  male  with  mass  in 
the  left  face.  (A)  Coronal  (soft-tissue  window)  and  (B)  coronal  (bone 
window)  CT  images  show  destruction  of  maxillary  sinus  anterior  lateral 
wall  (arrow)  and  a  soft- tissue  mass  extending  into  facial  soft  tissues 
(asterisk).  (C)  Axial  (soft-tissue  window)  CT  image  confirms  soft- 


tissue  mass  in  maxillary  sinus  and  external  to  sinus  in  buccal  soft  tis¬ 
sues  (asterisk).  (D)  Axial  PET-CT  image  shows  intense  hypermetabolic 
activity  in  tumor  (arrow).  (E)  Whole-body  PET  scanning  shows  hyper¬ 
metabolic  activity  in  facial  skeleton  (arrow)  and  diffusely  in  the  rest  of 
the  skeleton 
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Fig.  4.21  Plasmacytoma,  maxilla;  76-year-old  male  with  diffuse  pain 
in  the  right  cheek,  first  treated  for  sinusitis  and  then  endodontic  treat¬ 
ment.  (A)  Intraoral  view  shows  ill-defined  bone  destruction.  (B) 
Panoramic  view  shows  ill-defined  demarcation  of  maxillary  sinus 
(arrow).  (C)  Axial  CT  image  shows  destruction  of  alveolar  process  and 


soft- tissue  mass  (arrow).  (D)  Axial  CT  image  shows  destruction  of  the 
hard  palate  (arrow).  (E)  Axial  CT  image  shows  destruction  of  all  walls 
of  maxillary  sinus  (arrow)  (courtesy  of  Drs.  Sahlstrom,  Eriksson, 
Lindh,  and  Warfvinge,  University  Hospital,  Malmo,  Sweden) 


4.8  Leukemia 
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4.8  Leukemia 

Fig.  4.22 

4.8.1  Definition 

Progressive  malignancy  of  hematopoietic  tissues,  marked  by 
diffuse  replacement  of  bone  marrow  or  lymph  nodes  and 
development  of  leukocytes  and  their  precursors  in  blood  and 
bone  marrow. 

Acute  leukemias  are  accompanied  by  accumulation  of 
immature  or  blast  cells  owing  to  the  defect  in  the  production 
of  mature  hemic  cells;  chronic  leukemias  are  characterized 
by  massive  overgrowth  of  mature  cells. 

4.8.2  Clinical  Features 

-  Acute  and  chronic  forms 

-  Acute:  younger  age  groups,  usually  with  severe  general 
symptoms  (such  as  bone  pain,  fever,  lymphadenopathy, 
general  fatigue,  and  loss  of  appetite) 


-  Chronic:  adults,  usually  with  few  or  no  symptoms 

-  Oral  symptoms  may  include  gingival  inflammation  and 
hyperplasia,  ulceration,  bleeding,  petechiae,  and  loose 
teeth 


4.8.3  Imaging  Features 

-  Radiolucency 

-  Border  of  bone  destruction  ill  defined 

-  Loss  of  lamina  dura  and  floating  teeth 

-  No  bone  expansion 

-  Jaw  abnormalities  reported  in  half  of  the  patients  or  more 

-  One  jaw,  unilateral  or  bilateral,  or  both  jaws 

-  MRI  abnormalities  with  normal  CT  findings 

-  T1 -weighted  fat- suppressed  post-Gd  MRI:  high  signal 
from  bone  marrow  and  diffuse  enhancement  in  surround¬ 
ing  soft  tissue 


156 


4  Malignant  Tumors  in  Jaws 


Fig.  4.22  Leukemia,  mandible  and  maxilla;  42-year-old  female  with 
numbness  and  weakness  of  the  left  jaw.  (A)  Axial  CT  image  shows 
normal  bone  of  tooth-bearing  areas.  (B)  Axial  CT  image  shows  normal 
bone  caudad  to  teeth.  (C)  Axial  T1 -weighted  fat  sat  post-Gd  MRI  shows 
high  signal  in  bone  marrow  of  tooth-bearing  area  (arrow).  (D)  Axial 


T1 -weighted  fat  sat  post-Gd  MRI  shows  high  signal  from  bone  marrow 
caudad  to  teeth  (arrow).  (E)  Axial  T1  -weighted  fat  sat  post-Gd  MRI 
shows  diffuse  enhancement  also  in  surrounding  soft  tissue,  buccally  in 
particular  (arrows),  but  also  lingually.  (F)  Axial  T1  -weighted  fat  sat 
post-Gd  MRI  shows  high  signal  in  marrow  of  the  maxilla  (arrow) 


4.10  Osteosarcoma 
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4.9  Bone-Destructive  and  Bone- 
Productive  Tumors 

Osteosarcoma,  chondrosarcoma,  and  Ewing  sarcoma  are 
illustrated. 


4.10  Osteosarcoma 

Figs.  4.23, 4.24, 4.25, 4.26,  and  4.27 

Synonym:  Osteogenic  sarcoma. 

4.10.1  Definition 

Malignant  tumor  characterized  by  direct  formation  of  bone 

or  osteoid  by  tumor  cells  (WHO). 

4.10.2  Clinical  Features 

-  Most  common  primary  malignancy  in  the  skeleton  (apart 
from  myeloma),  usually  in  bones  around  the  knee  and  pri¬ 
marily  in  children  and  adolescents;  pain  common 

-  Only  5-10%  in  the  head  and  neck;  mostly  in  jaws 

-  Usually  painless  swelling  in  jaws,  but  also  pain  and  men¬ 
tal  nerve  paresthesia 


-  Mandible  slight  predominance 

-  Males  slight  predominance 

-  May  occur  in  any  age  group;  peak  in  the  fourth  decade 

-  Jaw  osteosarcomas  have  tendency  to  occur  in  older 
patients  than  osteosarcomas  in  other  bones  and  less  likely 
to  metastasize 

-  However,  prognosis  of  jaw  sarcoma  is  poor  and  does  not 
seem  to  have  improved  with  chemotherapy  in  a  similar 
way  to  sarcomas  in  other  bones 

-  Main  cause  of  death  is  local  recurrence 

4.10.3  Imaging  Features 

-  Soft-tissue  mass,  may  grow  aggressively  and  rapidly 

-  Radiolucent  or,  most  frequently,  a  combination  of  radio- 
lucent  and  radiopaque  appearance;  bone  production  may 
be  extensive 

-  Border  of  bone  destruction  ill  defined 

-  Bone  production  may  typically  have  “sunburst”  appear¬ 
ance,  best  seen  on  CT  images 

-  T1 -weighted  MRI:  heterogeneous  (intermediate-low) 
signal 

-  T2- weighted  and  STIR  MRI:  heterogeneous  signal  (vari¬ 
able  high  to  intermediate-low)  depending  on  bone  pro¬ 
duction  and  cellular  content 

-  T1 -weighted  post-Gd  MRI:  heterogeneous  (intense  to  low) 
contrast  enhancement 
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Fig.  4.23  Osteosarcoma,  mandible;  37-year-old  female  with  aggres¬ 
sive  tumor  growth,  which  “exploded”  after  extraction  of  the  molar  tooth 
in  the  right  mandible.  (A)  Clinical  photograph  shows  rapidly  growing 


tumor  mass.  (B)  Axial  CT  image  shows  bone  destruction  and  aggressive 
tumor  both  buccally  and  lingually  (arrow) 


Fig.  4.24  Osteosarcoma,  maxilla;  43-year-old  male  after  about  6 
months  of  chemotherapy  now  presenting  for  presurgical  evaluation. 
Coronal  CT  image  shows  expansive  process  with  intense  radiating 
bone  production  (lateral  arrow)  around  intensively  sclerotic  alveolar 
bone  (arrow) 


4.10  Osteosarcoma 
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Fig.  4.25  Osteosarcoma,  mandible;  16-year-old  male  with  painless 
buccal  swelling  at  the  right  mandibular  angle.  (A)  Panoramic  view 
shows  diffuse  bone  mass  (arrow).  (B)  Axial  CT  image  shows  bone 
production  radiating  from  ramus,  predominantly  on  lingual  side 
(arrow).  (C)  Axial  CT  image  shows  more  extensive  bone  production 


with  evident  sunburst  appearance  (arrow).  (D)  Axial  T2- weighted  MRI 
shows  tumor  with  high  to  intermediate  signal  intensity,  surrounding 
mandibular  ramus  (arrow).  (E,  F)  Postoperative  3D  CT  images  show 
right  mandible  reconstructed  with  fibula  graft 
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Fig.  4.26  Osteosarcoma,  maxilla;  28-year-old  male  with  painless 
swelling  of  the  vestibulum.  (A)  Clinical  photograph  shows  swelling  of 
the  lip  (arrow).  (B)  Clinical  photograph  shows  swelling  of  the  gingiva 
(after  biopsy).  (C)  Panoramic  view  shows  opaque  left  maxillary  sinus 
with  absent  alveolar  sinus  demarcation  (arrow)  and  possible  periapical 
bone  destruction  at  the  first  molar.  (D)  Axial  CT  image  shows  bone 
production  with  sunburst  appearance  (arrow).  (E)  Coronal  CT  image 
shows  destruction  of  piriform  aperture  (arrow)  and  bone  production  at 
canine.  (F)  Coronal  CT  image  shows  left  maxillary  sinus  opacity  with 
expanded  floor  of  orbit  and  bone  production  in  sinus  walls  (arrow).  (G) 


Coronal  T1 -weighted  fat  sat  post-Gd  MRI  shows  intense  contrast 
enhancement  of  tumor  in  maxillary  sinus  (arrow)  with  low- signal  bone 
production  in  alveolar  part  (arrowhead).  (H)  Axial  T1 -weighted  pre-Gd 
(left)  and  post-Gd  (right)  MRI  shows  contrast-enhanced  maxillary 
sinus  tumor  penetrating  the  sinus  wall  and  alveolar  ridge  (arrows).  (I) 
Clinical  photo  of  orbit  with  titanium  implants  (arrow)  to  fixate  eye 
prosthesis.  (J)  Eye  prosthesis.  (K)  Denture.  (L)  Clinical  photo  10  years 
after  surgical  treatment;  patient  has  no  recurrence  or  metastases  (I,  J, 
K,  L:  courtesy  of  W.  Widnes,  C.  D.  T.  anaplastologist,  Oslo  University 
Hospital,  Rikshospitalet,  Oslo,  Norway) 


4.10  Osteosarcoma 
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Fig. 4.26  (continued) 
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Fig.  4  .27  Osteosarcoma,  mandible;  10-year-old  female  with  painful 
mass  in  the  mandible  and  inability  to  open  her  mouth  and  3 -year  history 
of  femur  osteosarcoma.  (A)  Axial  CT  image  shows  radiating  bone  pro¬ 
duction  on  lingual  aspect  of  the  mandible  (arrow).  (B)  Axial  CT  image 
shows  bone  production  and  destruction  of  bone  marrow  and  cortex 
(arrow).  (C)  Coronal  CT  image  shows  sunburst  appearance  (arrow). 
(D)  Axial  T1 -weighted  pre-Gd  MRI  shows  intermediate-low- signal 


tumor  lingually  and  in  bone  marrow  (arrow).  (E)  Axial  T1 -weighted  fat 
sat  post-Gd  MRI  shows  intense  contrast  enhancement  in  masseter  mus¬ 
cle  and  heterogeneous  (intense  to  low)  enhancement  of  large  lingual 
tumor  (arrow)  with  displacement  of  the  airway.  (F)  Axial  T1 -weighted 
fat  sat  post-Gd  MRI  shows  another  section  of  contrast  enhancement 
(arrow),  also  in  bone  marrow.  (G)  Coronal  T1 -weighted  fat  sat  post-Gd 
MRI  shows  tumor  predominantly  on  lingual  side  (arrow) 


4.10  Osteosarcoma 
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Fig.  4.27  (continued) 
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4.1 1  Chondrosarcoma 

Fig.  4.28 

4.11.1  Definition 

Malignant  tumor  characterized  by  the  formation  of  cartilage, 
but  not  of  bone,  by  tumor  cells.  It  is  distinguished  from  chon¬ 
droma  by  its  higher  cellularity,  greater  pleomorphism,  and 
appreciable  numbers  of  plump  cells  with  large  or  double 
nuclei.  Mitotic  cells  are  infrequent  (WHO). 

May  arise  from  a  preexisting  cartilaginous  neoplasm. 


-  Mostly  in  adults  in  fourth  to  sixth  decades 

-  Less  aggressive,  more  slowly  growing  than  osteosarcoma 

-  Better  prognosis;  metastasizes  more  seldom  than 
osteosarcoma 

-  Mandible  and  maxilla,  but  rare 


4.11.3  Imaging  Features 

-  Round  soft-tissue  mass  with  ring  or  crescent  calcification 
characteristic,  but  may  also  show  sunburst  appearance 

-  MRI:  heterogeneous  (high  to  low)  signal;  see 
Osteosarcoma 


4.11.2  Clinical  Features 

-  Rather  common 

-  Wide  variation  of  clinical  features 


4.11  Chondrosarcoma 
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Fig.  4.28  Chondrosarcoma,  mandible;  19-year-old  male  with  facial 
swelling,  no  pain.  (A)  3D  CT  image  shows  tumor  in  the  right  mandibu¬ 
lar  collum  (arrow).  (B)  Coronal  CT  image,  soft-tissue  window,  shows 
soft- tissue  mass  around  ramus  (arrow).  (C)  Coronal  CT  image  shows 


radiating  bone  production  (arrow).  (D)  Coronal  CT  image  shows  cres¬ 
cent  calcification  and  dense  sunburst  appearance  (arrow).  (E)  Axial  CT 
image  shows  dense  sunburst  appearance  (arrow) 
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4.1 2  Ewing  Sarcoma 

Figs.  4.29,  4.30,  and  4.31 

4.12.1  Definition 

Malignant  tumor  with  rather  uniform  histologic  appearance 
composed  of  densely  packed,  glycogen-rich  small  cells  with 
round  nuclei  but  without  prominent  nucleoli  or  distinct  cyto¬ 
plasmic  outlines.  Tumor  tissue  is  typically  divided  into  irreg¬ 
ular  strands  or  lobules  by  fibrous  septa,  but  intercellular 
network  of  reticulin  fibers,  which  is  a  feature  of  malignant 
lymphoma,  is  not  seen.  Mitoses  are  generally  infrequent. 
Hemorrhage  and  extensive  areas  of  necrosis  are  common 
(WHO). 


4.12.2  Clinical  Features 

-  Only  1^1%  in  the  head  and  neck  area;  most  commonly 
the  mandible 

-  Hard  swelling,  pain  or  pain-free 

-  Males  more  frequent  than  females 

-  Usually  first  and  second  decades,  but  may  occur  at  any 
age 

4.12.3  Imaging  Features 

-  Soft-tissue  mass 

-  “Moth-eaten”  bone  destruction 

-  Bone  production  characteristic;  periosteal  “onion  skin” 
reaction  (usually  in  long  bones),  but  not  so  typical  in  jaws 


Fig.  4.29  Ewing  sarcoma,  mandible;  10-year-old  male  with  painless  swelling  at  the  right  mandibular  angle.  (A)  Panoramic  view  shows  no  abnor¬ 
mality.  (B)  Axial  CT  image  shows  soft- tissue  mass  and  radiating  bone  production  on  buccal  aspect  (arrow) 


4.12  Ewing  Sarcoma 
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Fig.  4.30  Ewing  sarcoma,  mandible;  24-year-old  female  with  10-year 
history  of  Ewing  sarcoma  treated  with  radiotherapy  and  chemotherapy 
and  a  rather  unchanged  condition;  now  with  pain  and  swelling  and  new 


soft-tissue  mass,  possibly  due  to  infection.  (A)  Panoramic  view  shows 
bone  production  in  the  entire  half  of  the  mandible  (arrow).  (B)  Axial 
CT  image  shows  bone  production  both  buccally  and  lingually  (arrow) 


Fig.  4  .31  Ewing  sarcoma,  mandible;  17-year-old  female  with  mass  in 
anterior  part  of  the  mandible.  (A)  Sagittal  (bone  window),  (B)  sagittal 
(soft-tissue  window),  and  (C)  axial  (soft-tissue  window)  CT  images 
show  soft-tissue  mass,  bone  destruction,  and  radiating  bone  septa  (sun¬ 
burst  appearance)  (arrow).  (D)  Sagittal  STIR  MRI  confirms  radiating 


bone  septa  in  anterior  portion  of  the  mandible  (arrow).  (E)  Axial 
T1 -weighted  pre-Gd  and  (F)  axial  T1 -weighted  fat  sat  post-Gd  MRI 
show  heterogeneous  contrast  enhancement  in  tumor  (arrow).  (G)  Bone 
scans  (technetium-99)  show  high  activity  in  the  mandible.  (H)  Axial 
PET-CT  image  shows  hypermetabolic  activity  in  tumor  (arrow) 
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4.1 3  Soft-Tissue  Sarcomas 

Rhabdomyosarcoma  and  leiomyosarcoma  are  illustrated. 

4.1 4  Rhabdomyosarcoma 

Figs.  4.32  and  4.33 

Synonym(s):  Rhabdosarcoma,  sarcoma. 

4.14.1  Definition 

Malignancy  of  embryonal  (immature)  skeletal  (striated) 
muscle  cells. 


-  Can  occur  in  any  site  on  the  body  but  is  primarily  found  in 
the  head  and  neck,  orbit,  genitourinary  tract,  genitals,  and 
extremities 

-  Signs  and  symptoms  vary  according  to  tumor  site,  and 
prognosis  is  closely  tied  to  location  of  primary  tumor 


4.14.3  Imaging  Features 

-  Soft-tissue  mass  with  infiltrative  and  irregular  margins 

-  Enhancing  mass  lesion  with  variable  T1  and  T2  features 


4.14.2  Clinical  Features 

-  Most  patients  are  under  1 8  years  of  age 

-  Rhabdomyosarcoma  accounts  for  approximately  40%  of 
soft-tissue  sarcomas 


Fig.  4.32  Rhabdomyosarcoma,  cheek;  4-year-old  female  with  mass  in  the  left  cheek.  (A)  Axial  (soft- tissue  window),  (B)  coronal  (soft-tissue 
window),  and  (C)  axial  (bone  window)  CT  images  show  soft-tissue  mass  {asterisk)  but  no  bone  destruction 


4.14  Rhabdomyosarcoma 


169 


Fig.  4.33  Rhabdomyosarcoma,  parapharyngeal;  12-year-old  male  shows  intense  hypermetabolic  activity  in  tumor  (arrow).  (D)  Axial 
with  trismus  and  a  left-sided  neck  mass.  (A)  Axial  T1 -weighted  pre-Gd  STIR  MRI  (3  months  after  baseline  examination,  under  treatment) 
and  (B)  axial  T1 -weighted  fat  sat  post-Gd  MRI  show  homogeneous  shows  diminished  tumor  (arrow) 
contrast  enhancement  in  tumor  (arrow).  (C)  Axial  PET-CT  image 
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4.1 5  Leiomyosarcoma 

Fig.  4.34 

Synonym:  Sarcoma. 


-  Most  commonly  found  in  the  uterus,  stomach,  small 
intestine,  and  retroperitoneum 


4.15.3  Imaging  Features 


4.15.1  Definition 

Malignancy  of  smooth  muscle  cells. 


-  Soft-tissue  mass  with  infiltrative  and  irregular  margins 

-  Enhancing  mass  lesion  with  variable  T1  and  T2  features 


4.15.2  Clinical  Features 

-  Rare  form  of  cancer;  accounting  for  5-10%  of  soft- tissue 
sarcomas,  which  are  in  themselves  relatively  rare 


Fig.  4.34  Leiomyosarcoma,  mandible;  85-year-old  female  with  pain 
and  swelling  in  posterior  left  mandible.  (A)  Clinical  photograph  shows 
ulcerated  soft-tissue  mass  in  retromolar  area  (arrow).  (B,  C,  D)  Axial 
PET-CT  images  show  hypermetabolic  destructive  mass  in  the  left  man¬ 


dible  (arrow)  (B),  hypermetabolic  tumor  in  the  uterus  (origin  of  leio¬ 
myosarcoma)  (arrow)  (C),  and  hypermetabolic  destructive  right  ilium 
metastasis  (arrow),  with  fracture  (D).  There  were  numerous  skeletal 
metastases  (not  shown) 


4.16  Jaw  Metastases 
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4.1 6  Jaw  Metastases 

Figs.  4.35,  4.36,  4.37,  4.38,  4.39,  and  4.40 

Synonym:  Secondary  malignancy. 

4.16.1  Clinical  Features 

-  Fifth  to  seventh  decades 

-  Women  far  more  frequent  than  men  (breast  cancer) 

-  Pain  and/or  swelling,  paresthesia,  hemorrhage 

-  May  be  incidental  finding 

-  Less  frequent  than  in  the  spine,  pelvis,  ribs,  humerus,  and 
skull 

-  Usually  a  carcinoma  from  a  primary  tumor  in  the  breast, 
lung,  prostate,  colon,  rectum,  kidney,  thyroid,  stomach, 
melanoma,  testicle,  bladder,  ovary,  and  uterine  cervix 


4.16.2  Imaging  Features 

-  Soft-tissue  mass 

-  Mandible  more  frequent  than  maxilla 

-  In  maxilla:  sinus  most  common  site,  followed  by  anterior 
hard  palate 

-  Posterior  parts  of  the  jaw 

-  Ill-defined  invasive  margins 

-  May  have  rather  well-defined  margins 

-  Predominantly  osteolytic/radiolucent 

-  New  bone  formation  due  to  periosteal  reaction  (spiculated 
for  prostate  metastases) 

-  Sclerotic  (patchy  sclerosis)  metastases  may  occur  from 
prostatic  and  breast  cancer 

-  Widened  periodontal  ligament 

-  Floating  teeth 
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Fig.  4.35  Breast  cancer  metastasis,  mandible;  58-year-old  female  with 
some  pain  in  the  left  mandible  after  apicectomy.  (A)  Panoramic  view 
and  (B)  axial,  (C)  axial  (with  cursor  line),  and  (D)  coronal  CT  images 
show  postoperative  status  after  apicectomy  of  the  second  premolar 
(arrow).  (E)  Axial  CT  image  shows  normal  bone  structures  at  mental 
foramen  level.  About  1  year  later,  (F)  panoramic  view  shows  bone 


destruction  (arrow),  and  (G)  axial,  (H)  axial  (with  cursor  line),  and  (I) 
coronal  CT  images  show  healing  after  apicectomy  (arrow).  (J)  Axial 
(bone  window)  and  (K)  axial  (soft-tissue  window)  CT  images  show 
destruction  and  soft-tissue  tumor  at  mental  foramen  level  (arrow)  (com¬ 
pare  with  E) 


4.16  Jaw  Metastases 
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Fig.  4.36  Breast  cancer  metastasis,  mandible;  46-year-old  female  with  mandibular  ramus  (arrow).  (D,  E,  F)  Bone  scans  (technetium-99)  show 
mass  in  the  left  mandibular  ramus.  (A)  3D,  (B)  axial,  and  (C)  coronal  activity  in  the  left  mandible  and  right  scapula  (arrow).  (G)  Postoperative 
CT  images  show  irregular  bone  (destruction  and  apposition)  in  the  left  panoramic  view  shows  status  after  hemimandibulectomy 
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Fig.  4.37  Prostatic  cancer  metastasis,  mandible;  60-year-old  male 
with  some  pain  and  swelling  in  the  left  mandible.  (A)  Panoramic  view 
shows  diffuse  destruction  in  the  left  mandible  and  bone  apposition  at 
lower  mandibular  border  (arrow).  (B)  Intraoral  view  shows  diffuse 
destruction  with  loss  of  lamina  dura  and  bone  apposition  in  the  alveolar 


bone  with  sunburst  appearance  (arrow).  (C)  Axial  CT  image  shows 
destruction  in  the  left  mandible  with  periosteal  bone  reaction  (partially 
with  sunburst  appearance)  buccally  (arrows).  (D)  Intraoral  view  2  years 
earlier  shows  normal  bone  and  lamina  dura  (compare  with  B) 


Fig.  4.38  Prostatic  cancer  metastasis,  mandible;  79-year-old  male 
with  lower  lip  numbness.  (A)  Axial  CT  shows  intense  right-sided 
periosteal  bone  formation  and  sclerotic  mandibular  ramus  (arrow).  (B) 
Axial  CT  with  biopsy  needle 


4.16  Jaw  Metastases 
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Fig.  4.39  Anaplastic  malignant  meningioma  metastasis,  mandible; 
56-year-old  male  with  pain  (6  on  a  scale  1-10)  under  his  lip  and  extend¬ 
ing  across  the  right  lower  cheek.  (A)  Axial  CT  image  shows  destruction 
of  right  lingual  mandibular  foramen  (arrow).  (B)  Axial  PET-CT  image 


shows  hypermetabolic  activity  in  the  same  area  (arrow).  (C)  Axial  and 
(D)  coronal  T1 -weighted  fat  sat  post-Gd  MRI  show  contrast-enhanced 
tumor  at  mandibular  foramen  (arrow)  and  contrast-enhanced  meningi¬ 
oma  (arrowhead) 
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Fig.  4.40  Thyroid  cancer  metastasis,  mandible;  62-year-old  female 
with  mass  in  the  right  mandible  extending  into  the  right  maxilla.  (A) 
Panoramic  view  shows  destruction  in  the  right  mandible  (arrow).  (B) 
Coronal  and  (C)  axial  (soft-tissue  window)  CT  images  show  soft-tissue 
mass  and  bone  destruction  (arrow).  (D)  Axial  (bone  window)  CT  image 
shows  destruction  in  mandibular  ramus  (arrow)  and  maxilla  (arrow¬ 


head).  (E)  CT- guided  percutaneous  core  biopsy  of  tumor.  (F)  Whole- 
body  nuclear  medicine  scanning  (1-131)  shows  intense  activity  in  the 
mandible  (arrow)  and  two  foci  of  uptake  in  the  neck  consistent  with 
lymph  node  metastases.  (G)  Axial  CT  image  shows  lytic  lesion  in  the 
right  frontal  bone  (arrow)  suspicious  for  metastasis 
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Abstract 

This  chapter  illustrates  osteomyelitis,  osteomyelitis  with  periostitis,  osteoradionecrosis, 
medication-related  osteonecrosis,  and  abscess. 


5.1  Introduction 

Dental  caries,  periodontal  disease,  and  apical  periodontitis 
(periapical  granuloma,  abscess,  or  cyst)  are  common  patho¬ 
logic  conditions  and  usually  restricted  to  the  region  of  the 
teeth  and  adjacent  bone.  These  conditions  are  most  often 
adequately  assessed  by  intraoral  or  panoramic  radiography. 
Infection  also  appears  as  condensing  or  sclerosing  osteitis 
frequently  defined  as  a  localized  form  of  osteomyelitis  but 
usually  limited  to  the  periapical  region  of  the  mandibular 
molars.  However,  other  and  larger  areas  of  the  jaw  bone 
may  become  infected  as  a  direct  extension  from  a  common 
odontogenic  infection  or  as  a  result  trauma,  large  doses  of 
therapeutic  radiation,  medication  (an  increasing  number  of 
patients  worldwide  receive  antire sorptive  treatment),  and 
hematogenous  spread  from  a  distant  site.  Most  cases  of  jaw 
osteomyelitis  are  nonspecific  infections  (in  contrast  to 
osteomyelitis  in  other  parts  of  skeleton),  but  specific  types 
such  as  tuberculosis  and  actinomycosis  may  occur. 

When  infection  develops  in  jaw  bone  marrow  as  an  osteo¬ 
myelitis  or  in  surrounding  soft  tissues  as  an  abscess,  advanced 
imaging  in  particular  CT  but  also  MRI  and  even  PET-CT  may 
be  of  diagnostic  value  as  a  supplement  to  conventional  radiog¬ 
raphy.  Also  in  the  assessment  of  medication-related  osteone¬ 
crosis,  advanced  imaging  modalities  should  be  considered. 


5.2  Osteomyelitis 

Figs.  5.1,  5.2,  5.3,  5.4,  5.5,  and  5.6 

5.2.1  Definition 

Inflammatory  process  accompanied  by  bone  destruction  and 

caused  by  infecting  microorganisms. 

The  infection  can  be  limited  to  a  single  portion  of  bone  or 

can  involve  several  regions  including  the  marrow,  cortex, 

periosteum,  and  surrounding  soft  tissue. 

5.2.2  Clinical  Features 

-  Mandible  far  more  often  than  maxilla 

-  Acute  form  presents  with  severe  symptoms,  and  chronic 
form  with  vague  or  no  symptoms,  but  episodes  of 
exacerbation 

-  Pain  and  swelling,  may  be  variable 

-  Regional  lymphadenopathy,  fever,  and  malaise 

-  Mobile  teeth  sensitive  to  percussion 

-  Fistula  draining  of  pus 

-  Paresthesia  in  lower  lip  (mental  nerve) 

-  Trismus  if  masticatory  muscles  are  infiltrated 

-  Enlargement  of  mandible;  jaw  asymmetry 

-  Usually  odontogenic  infectious  etiology,  but  idiopathic, 
chronic,  nonsuppurative  forms  may  occur  in  adults,  chil¬ 
dren,  or  adolescents 


In  collaboration  with  G.  St0re,  H.-J.  Smith. 


©  Springer  International  Publishing  AG  2018 

T.A.  Larheim,  P.-L.A.  Westesson,  Maxillofacial  Imaging,  https://doi.org/10.1007/978-3-319-53319-3_5 


179 


180 


5  Jaw  Infections 


5.2.3  Imaging  Features 

-  Initial  blurring  of  bone  trabeculae 

-  Ill-defined  (“moth-eaten”)  osteolytic  areas,  apparently 
interspersed  by  normal  bone 

-  Sequestrum;  fragment  of  necrotic  bone 

-  Involucrum;  sequestrum  surrounded  by  viable  bone 

-  Periosteal  bone  formation;  “onion  skin”  appearance 

-  Mixture  of  ill-defined  osteolytic  and  ill-defined  osteoscle¬ 
rotic  areas 

-  Completely  radiopaque  areas 

-  T1 -weighted  MRI:  reduced  signal  from  bone  marrow 

-  T2- weighted  and  STIR  MRI:  high  signal  from  bone 
marrow 


-  T1 -weighted  post-Gd  MRI:  contrast  enhancement  of 
bone  marrow  and  adjacent  soft  tissue 

-  T1 -weighted,  T2- weighted,  and  STIR  MRI:  low  signal 
from  sequestra 

Comment 

From  a  radiologic  point  of  view,  three  types  of  osteomyelitis 
may  be  distinguished:  rarefying  or  destructive  (suppurative) 
osteomyelitis,  diffuse  sclerosing  osteomyelitis,  and  osteo¬ 
myelitis  with  periostitis.  A  mixture  of  these  types  is 
common. 


Fig.  5.1  Osteomyelitis,  mandible;  58-year-old  male  with  pain  and 
perimandibular  swelling.  (A)  Panoramic  view  shows  diffuse  bone 
destruction  caudal  to  molars  ( upper  arrow )  and  suspected  seques¬ 
trum  caudal  to  premolars  (arrow).  (B)  Axial  CT  image  shows 


destruction  from  widened  mental  foramen  ( upper  arrow)  to  molar 
area  and  defects  in  lingual  cortical  bone  at  mental  foramen  level,  but 
no  sequestrum.  Note  small  buccal  periosteal  reaction  in  molar 
region  (arrow) 
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Fig.  5.2  Osteomyelitis,  mandible;  46-year-old  female  with  previous  bone  destruction  (arrows).  (B)  Axial  CT  image  shows  diffuse  destruc- 

pain  from  molar  that  was  extracted,  but  still  some  discomfort  and,  addi-  tion  of  buccal  cortical  bone  (arrow)  and  sequestrum  (arrowhead) 

tionally,  perimandibular  swelling.  (A)  Panoramic  view  shows  diffuse 
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Fig.  5.3  Osteomyelitis,  mandible;  68-year-old  female  with  pain, 
cellulitis  around  the  mandible,  and  diffuse  swelling  in  the  neck. 
Axial  CT  image  shows  “moth-eaten”  and  extensive  destruction 
bilaterally  ( arrows ) 


Fig.  5.4  Osteomyelitis,  mandible;  25-year-old  female  with  molar 
extracted  after  unsuccessful  endodontic  therapy,  but  progression  of 
mandibular  infection  despite  antibiotic  therapy,  little  pain.  (A) 
Panoramic  view  shows  bone  destruction  in  molar  area  with  diffuse  scle¬ 
rotic  bone  (arrow).  (B)  Panoramic  view  about  1  year  later  shows  heal¬ 
ing  in  alveolar  bone,  but  progression  of  bone  destruction  in  caudal  areas 
(arrow),  with  “honey-bubble”  appearance  that  required  a  tumor  diagno¬ 
sis  to  be  ruled  out.  (C)  Axial  CT  image  shows  severe  bone  destruction, 


with  cortical  defect  (arrow),  but  no  periosteal  reaction.  (D)  Axial  CT 
image  shows  multilocular  appearance  in  lower  mandibular  border  and 
sclerosis  (arrow).  (E)  Axial  T1 -weighted  pre-Gd  MRI  shows  reduced 
signal  in  bone  marrow  (arrow).  (F)  Axial  T1 -weighted  post-Gd  MRI 
shows  contrast  enhancement  (arrow).  (G)  Coronal  STIR  MRI  shows 
intense  (high)  signal  in  bone  marrow  (arrow).  Surgical  decortication 
confirmed  osteomyelitis  and  no  tumor 
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Fig.  5.4  (continued) 
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Fig.  5.5  Osteomyelitis  with  spread  to  masseter  muscle;  55-year-old 
male  with  variable  swelling  in  parotid  and  cheek  area  after  tooth  extrac¬ 
tion  many  months  previously,  no  pain.  (A)  Panoramic  view  shows  scle¬ 
rotic  mandible  with  suggestion  of  small  destruction  (arrow).  (B) 
Coronal  CT  image  shows  buccal  cortical  destruction  (arrow).  (C)  Axial 
CT  image  shows  buccolingual  destruction  (arrow)  and  slight  periosteal 


reaction  lingually  (arrow).  (D)  Axial  T2- weighted  MRI  shows  focus  of 
increased  signal  surrounded  by  low- signal  rim  in  masseter  muscle,  con¬ 
sistent  with  encapsulated  abscess  (arrow).  (E)  Axial  T1 -weighted  pre- 
Gd  MRI  shows  intermediate  signal  (arrow).  (F)  Axial  T1 -weighted 
post-Gd  MRI  shows  contrast  enhancement  (arrow) 
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Fig.  5.6  Osteomyelitis,  mandible;  72-year-old  female  with  variable 
but  little  pain  and  variable  swelling  3  years  after  teeth  extraction,  now 
with  mental  nerve  paresthesia.  (A)  Panoramic  view  shows  diffuse  scle¬ 
rotic  changes  (arrow)  and  small  focus  of  bone  destruction  (arrowhead). 
(B)  Axial  CT  image  shows  diffuse,  extensive  sclerotic  changes  in  right 


mandible,  crossing  the  midline.  (C)  Coronal  CT  image  through  mental 
foramina  shows  severe  bone  destruction  on  the  right  side  (arrow), 
explaining  paresthesia.  (D)  Axial  CT  7  years  later  still  shows  sclerotic 
osteomyelitis,  now  with  exacerbation  and  sequestration  (arrowheads) 
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5.3  Osteomyelitis  with  Periostitis 

Figs.  5.7,  5.8,  5.9,  5.10,  5.11,  5.12,  5.13,  and  5.14 
Synonyms:  Periostitis  ossificans,  proliferative  periostitis. 

5.3.1  Definition 

Osteomyelitis  with  dominating  periosteal  new  bone  formation. 


-  May  be  bilateral 

-  Symptoms  usually  vague 

-  Predominantly  in  mandible 

5.3.3  Imaging  Features 

-  Cortical  expansion  by  periosteal  bone  formation;  buccal, 
lingual,  and  inferior  aspects 

-  Characteristic  “onion  skin”  appearance 

-  Usually  also  bone  destruction 


5.3.2  Clinical  Features 

-  Mostly  in  children  and  young  adults 

-  Unilateral  hard  swelling  of  jaw,  asymmetry 


5.3  Osteomyelitis  with  Periostitis 
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Fig.  5.7  Osteomyelitis  with  periostitis,  mandible;  7-year-old  female  after  trauma  shows  more  clearly  periosteal  reaction  (arrow).  (C)  Axial 
with  variable  perimandibular  swelling,  painless,  probably  caused  by  CT  image  shows  severe  periosteal  reaction  buccally  (arrow).  (D) 
trauma  against  mandible  1  month  before.  (A)  Panoramic  view  shows  no  Coronal  CT  image  shows  sclerotic  mandible  with  thickness  almost 
abnormalities  except  slight  periosteal  reaction  (arrow)  (not  noted  until  twice  normal  (arrow),  with  radiolucent  mandibular  canal  (arrowhead) 
later  examinations  were  performed).  (B)  Panoramic  view  2  months 
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Fig.  5.8  Osteomyelitis  with  periostitis,  mandible;  12-year-old  female 
with  3 -week  history  of  gingival  swelling  that  began  less  than  a  week 
after  orthodontic  adjustment  of  braces.  (A)  Panoramic  view  shows  dif¬ 
fuse  destruction  in  premolar  area  (arrow).  (B)  Axial  CT  image  shows 


bone  destruction  and  periosteal  reaction  in  premolar  area  (arrow). 

(C)  Axial  CT  image  shows  periosteal  reaction  caudad  to  teeth  (arrow). 

(D)  Axial  CT  image,  soft-tissue  window,  shows  diffuse  soft-tissue 
swelling  consistent  with  inflammatory  infiltrate  (arrow) 


5.3  Osteomyelitis  with  Periostitis 
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Fig.  5.9  Osteomyelitis  with  periostitis,  mandible;  8-year-old  male 
with  variable  right  perimandibular  swelling  and  pain  for  some  months. 
(A)  Panoramic  view  shows  periosteal  reaction  (arrow).  (B)  Axial  CT 


image  shows  destruction  of  buccal  bone  at  the  second  molar  germ 
(arrow).  (C)  Axial  CT  image  shows  extensive  periosteal  bone,  buccally 
and  lingually  (arrows) 


Fig.  5.10  Osteomyelitis  with  periostitis,  mandible;  10-year-old  female  (arrows).  (B)  Coronal  CT  image  shows  periosteal  reaction  caudad  for 
with  variable  facial  swelling  and  restricted  mouth-opening  capacity.  (A)  semilunar  incisure  (arrow).  (C)  Coronal  CT  image  shows  extensive 
Coronal  CT  image  shows  periosteal  reaction  buccally  and  lingually  reaction  in  coronoid  process  (arrow) 
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Fig.  5.11  Osteomyelitis  with  bilateral  periostitis,  mandible;  11-year- 
old  female  with  variable  pain  and  mouth-opening  capacity  for  about 
6  months,  believed  to  be  caused  by  juvenile  arthritis.  (A)  Coronal  CT 


image  shows  extensive  periosteal  bone  bilaterally  in  ramus  (arrows). 
(B)  Axial  CT  image  shows  characteristic  “onion  skin”  periosteal  bone 
(arrow) 


Fig.  5.1 2  Osteomyelitis  with  periostitis,  mandible;  16-year-old  female 
with  a  2-year  history  of  infection,  with  development  of  facial  asymme¬ 
try  after  unsuccessful  endodontic  treatment  of  the  first  and  second 
molars  that  eventually  were  extracted.  (A)  Axial  CT  image  shows  scle¬ 
rotic  and  thickened  mandibular  bone  (arrow).  (B)  Axial  CT  image, 


1-year  follow-up,  shows  small  areas  of  bone  destruction.  (C)  Axial  CT 
image,  2-year  follow-up,  shows  larger  areas  of  bone  destruction 
(arrow).  (D)  Coronal  STIR  MRI,  2-year  follow-up,  shows  high  signal 
consistent  with  active  inflammation  (arrow) 


5.3  Osteomyelitis  with  Periostitis 


191 


Fig.  5  .1 3  Osteomyelitis  with  periostitis,  mandible;  25-year-old  female 
with  a  4-year  history  of  infection;  after  a  3 -year  period  of  silence 
because  of  antibiotic  and  hyperbaric  oxygenic  treatment,  now  with  pain 
in  the  right  cheek.  (A)  Coronal  CT  image  shows  sclerotic,  thickened 
ramus  (arrow).  At  3-year  follow-up,  (B)  coronal  CT  shows  area  of  bone 


destruction  (arrow).  (C)  Coronal  STIR  MRI  shows  high  signal  in  ramus 
(arrow).  (D)  Axial  T1 -weighted  pre-Gd  MRI  shows  low  signal  in  bone 
marrow  (arrow).  (E)  Axial  T1 -weighted  post-Gd  MRI  shows  contrast 
enhancement  consistent  with  inflammatory  activity  (arrow).  Surgical 
intervention  confirmed  inflammatory  activity  (granulation  tissue) 
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Fig.  5.14  Osteomyelitis  with  periostitis,  mandible;  9-year-old  female 
with  left- sided  facial  swelling.  (A)  Axial  and  (B,  C)  coronal  CT  images 
show  large  buccal  and  small  lingual  periosteal  bone  apposition  (arrow). 
(D)  Axial  T1  -weighted,  (E)  axial  T2- weighted,  and  (F)  coronal 
T1 -weighted  fat  sat  post-Gd  MRI  show  high  signal  intensity  on  T2 


(arrow)  and  contrast  enhancement  in  enlarged  soft-tissue  surrounding 
bone  apposition  buccally  (arrow).  Five  months  later,  (G)  panoramic 
view  shows  no  evident  bone  pathology,  but  (H)  axial,  (I)  axial  (with 
cursor  line),  and  (J)  coronal  CT  images  show  new  bone  emerging  into 
original  bone  (arrow) 


5.4  Osteoradionecrosis 
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5.4  Osteoradionecrosis 

Figs.  5.15,  5.16,  5.17,  5.18,  and  5.19 

5.4.1  Definition 

Several  proposed.  One  frequently  used  is  an  “area  of  exposed 
bone  (larger  than  1  cm)  in  the  field  of  irradiation  that  has 
failed  to  show  any  evidence  of  healing  for  at  least  6  months.” 

An  alternative  is  “radiologic  evidence  of  bone  necrosis 
within  radiation  field  where  tumor  recurrence  has  been 
excluded,”  also  including  cases  with  intact  oral  mucosa. 

With  a  history  of  antiresorptive  therapy  to  the  jaws, 
medication-related  osteonecrosis  should  be  considered. 

5.4.2  Clinical  Features 

-  Mandible  far  more  often  than  maxilla 

-  Wide  spectrum;  acute/chronic,  nonsuppurative/suppurative 


-  Pain  or  no  pain 

-  Exposed  bone  frequent,  but  also  soft- tissue  cover 

-  In  advanced  stage:  trismus,  fistula,  and  pathologic  fracture 

5.4.3  Imaging  Features 

-  Mainly  destructive;  cancellous  and/or  cortical  bone 

-  Mixture  of  radiolucent  and  radiopaque  appearance  may 
occur 

-  Unilateral  or  bilateral 

-  Usually  without  periosteal  bone  reaction 

-  Advanced  stage:  sequestration  and  pathologic  fracture 

-  T1 -weighted  MRI:  reduced  signal  in  bone  marrow 

-  T2- weighted  and  STIR  MRI:  high  signal  in  bone  marrow 

-  T1  -weighted  post-Gd  MRI:  contrast  enhancement  in  bone 
marrow 

-  T1 -weighted,  T2- weighted,  and  STIR  MRI:  low  signal 
from  sequestra 


Fig.  5.15  Osteoradionecrosis,  mandible;  79-year-old  male  with  exten-  shows  severe  destruction  of  buccal  cortical  bone  (arrow).  (C)  Surgical 
sive  bone  destruction  and  severe  symptoms.  (A)  Axial  CT  image  shows  hemimandible  specimen  with  destruction  (arrow)  corresponding  to  3D 
severe  destruction  of  left  mandibular  body  (arrow).  (B)  3D  CT  image  CT  image  presentation 
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Fig.  5.16  Osteoradionecrosis,  mandible;  63-year-old  female  with  shows  exposed  bone  (arrow).  (B)  Axial  CT  image  shows  destructive 
exposed  bone  in  the  left  mandible  after  surgical  treatment  of  tongue  changes  of  cortical  and  cancellous  bone  (arrow).  (C)  Panoramic  view 
cancer  and  postoperative  radiation  therapy.  (A)  Clinical  photograph  indicates  bone  destruction  (arrow),  also  in  mandibular  body 


5.4  Osteoradionecrosis 
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Fig.  5.17  Osteoradionecrosis,  mandible;  67-year-old  male  with  rou-  (arrow).  (B,  C)  Axial  and  (D)  3D  CT  images  show  destruction  of  buc- 
tine  control  of  dentition  after  radiation  therapy  of  B-cell  lymphoma.  cal  cortical  plate  and  cancellous  bone  (arrow) 

(A)  Panoramic  view  shows  bone  destruction  in  right  mandibular  body 
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Fig.  5.18  Osteoradionecrosis,  mandible  and  maxilla;  55-year-old 
male  2  years  after  hemimaxillectomy  and  radiation  therapy  of  adenoid 
cystic  carcinoma.  Denture  could  not  be  removed  (see  arrowhead  in  D). 
(A)  Panoramic  view  shows  destructive  changes  bilaterally  (arrows).  (B) 
Axial  CT  image  shows  evident  bilateral  destruction  with  sequestra 
(arrows).  (C)  Axial  CT  image  shows  more  severe  buccal  destruction  on 


the  right  side  (arrow).  (D)  Axial  CT  maxilla  shows  severe  destruction 
of  palatal  alveolar  bone  (arrows).  (E)  Axial  T1 -weighted  pre-Gd  MRI 
shows  low  signal  bilaterally  in  bone  marrow.  (F)  Axial  T1 -weighted 
post-Gd  MRI  shows  bilateral  contrast  enhancement  in  bone  marrow 
(arrows) 


5.4  Osteoradionecrosis 
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Fig.  5.19  Osteoradionecrosis,  mandible;  47-year-old  male  with  right¬ 
sided  surgically  treated  sublingual  cancer  and  postoperative  radiation 
therapy.  (A)  Panoramic  view  shows  bone  destruction  (arrows).  (B) 
Axial  CT  image  shows  destruction  with  sequestration  in  right  mandible 
(arrow).  Nine  months  later,  (C)  axial  CT  image  shows  bone  healing,  but 
still  fissure-like  bone  defect  (arrow).  (D)  Axial  T2- weighted  MRI 


shows  low  signal  in  the  same  area  (arrow).  (E)  Axial  T1  -weighted  pre- 
Gd  and  (F)  axial  T1 -weighted  fat  sat  post-Gd  MRI  show  moderate  con¬ 
trast  enhancement  in  the  right  mandible  (arrows)  and  probably  also  in 
the  left  mandible.  (G)  PET-CT  image  shows  slightly  increased  FDG 
uptake  in  the  right  mandible  (arrow) 
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5.5  Medication-Related  Osteonecrosis 

Figs.  5.20,  5.21,  5.22,  5.23,  5.24,  5.25,  5.26,  5.27,  5.28, 

and  5.29 

Synonyms:  Bisphosphonate-related  necrosis,  antiresorptive 

therapy -related  osteonecrosis. 

5.5.1  Definition 

Patients  may  be  considered  to  have  medication-related 

osteonecrosis  if  all  the  following  characteristics  are  present: 

-  Current  or  previous  treatment  with  antiresorptive  or  anti- 
angiogenic  agents 

-  Exposed  bone  or  bone  that  can  be  probed  through  an 
intraoral  or  extraoral  fistula  in  the  maxillofacial  region 
that  has  persisted  for  longer  than  8  weeks 

-  No  history  of  radiation  therapy  to  the  jaws  or  obvious 
metastatic  disease  to  the  jaws 


(American  Association  of  Oral  and  Maxillofacial 
Surgeons  Position  Paper  on  Medication-Related 
Osteonecrosis  of  the  Jaw — 2014  Update). 

A  number  of  bisphosphonates  and  other  highly  potent 
antiresorptive  medicaments  may  lead  to  osteonecrosis,  par¬ 
ticularly  when  used  intravenously  and  after  invasive  dental 
surgical  procedures. 

5.5.2  Clinical  Features 

See  Osteoradionecrosis 

5.5.3  Imaging  Features 

See  Osteoradionecrosis: 

-  Bone  sclerosis  may  be  evident 

-  Periosteal  bone  formation  may  be  evident 


5.5  Medication-Related  Osteonecrosis 
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Fig.  5.20  Medication-related  osteonecrosis,  mandible,  with  wisdom  tooth  in  the  right  mandible  4  months  earlier  (arrow).  (B) 
progression  at  follow-up;  48-year-old  male  (prostatic  cancer  and  Panoramic  view  6  months  later  (than  A)  and  (C)  panoramic  view 
skeletal  metastases,  under  antiresorptive  therapy)  with  unhealed  tooth  5  months  later  (than  B)  show  progressive  destruction  with  sequestration 
socket.  (A)  Panoramic  view  shows  no  healing  after  extraction  of  (arrow) 


200 


5  Jaw  Infections 


Fig.  5.21  Medication-related  osteonecrosis,  mandible,  with  progres¬ 
sion  at  follow-up;  74-year-old  female  (breast  cancer  and  metastases, 
under  antiresorptive  therapy)  with  exposed  bone  and  fistula  at  canine 
and  first  premolar  in  the  right  mandible.  (A)  Panoramic  view,  (B)  axial, 
(C)  axial  (with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coro¬ 


nal  CT  images  show  apparently  normal  bone.  Six  months  later,  (F)  pan¬ 
oramic  view,  (G)  axial,  (H)  axial  (with  cursor  lines),  (I)  oblique  sagittal, 
and  (J)  oblique  coronal  CT  images  show  bone  destruction  with  seques¬ 
tration  (arrow)  and  sclerosis  (black  arrowhead).  Bone  destruction  pro¬ 
gression  also  in  bifurcation  of  the  first  molar  (white  arrowhead) 


5.5  Medication-Related  Osteonecrosis 
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Fig.  5.22  Medication-related  osteonecrosis,  mandible,  stable  at  fol¬ 
low-up;  67-year-old  male  (prostatic  cancer  and  metastases  for  more 
than  8  years,  under  antiresorptive  therapy)  with  variable  pain,  chin  fis¬ 
tulas,  and  sharp  bony  edges  after  exfoliation  of  mandibular  incisors.  (A) 
Panoramic  view  shows  severely  sclerotic  mandible  and  periosteal  bone 


reaction  (arrows).  Fourteen  months  later  (under  antibiotic  treatment), 
(B)  panoramic  view  shows  more  solid  periosteal  bone  apposition 
(arrows)  and  more  evident  lamina  dura  in  empty  (unhealed)  tooth  sock¬ 
ets  (arrowheads) 
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Fig.  5.23  Medication-related  osteonecrosis,  mandible,  with  progres¬ 
sion  at  follow-up;  68-year-old  female  (multiple  myeloma,  under  antire- 
sorptive  therapy)  with  exposed  bone  bilaterally.  (A)  Panoramic  view  and 
(B,  C)  axial  CT  images  show  no  healing  of  tooth  sockets  ( arrows )  in  the 
right  mandible  after  extraction  of  the  second  molar  7  months  earlier  and 
first  molar  3  months  earlier.  Remaining  molar  in  the  right  mandible  and 


second  premolar  in  the  left  mandible  were  extracted  shortly  after.  Three 
years  and  2  months  later,  (D,  E)  clinical  photographs  show  exposed  bone 
in  areas  of  extraction  (arrow).  (F)  Panoramic  view  and  (G,  H,  I)  axial 
CT  images  now  show  severe  destruction  with  sequestration  and  sclerosis 
in  the  right  mandible  and  anterior  part  of  the  left  mandible  and  lingual 
bone  apposition  (arrowhead),  compare  with  (B,  C) 


5.5  Medication-Related  Osteonecrosis 
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Fig.  5.24  Medication-related  osteonecrosis,  mandible;  64-year-old 
female  (breast  cancer  and  metastases,  under  antiresorptive  therapy) 
with  some  pain,  swelling,  and  exposed  bone  after  tooth  extraction  (sec¬ 
ond  molar)  in  the  left  mandible  about  2  years  earlier.  (A)  Panoramic 
view  shows  bone  destruction  with  sequestration  (arrow)  and  sclerosis 


(asterisk).  (B,  C)  Axial,  (D)  axial  (with  cursor  lines),  and  (E,  F)  coronal 
CT  images  confirm  bone  destruction,  sequestration,  and  sclerosis 
(arrow).  (G)  Axial  T1  -weighted  pre-Gd  and  (H)  axial  T1  -weighted  fat 
sat  post-Gd  MRI  show  contrast  enhancement  around  sequester  (arrow). 
(I)  PET-CT  image  shows  increased  FDG  uptake  (arrow) 
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Fig.  5.25  Medication-related  osteonecrosis,  mandible,  with  pathologi¬ 
cal  fracture  and  fistula;  64-year-old  female  (breast  cancer  and  skeletal 
metastases,  under  antiresorptive  therapy)  with  exposed  bone  and  fistula 
to  the  skin  in  the  left  mandible.  (A)  Panoramic  view  shows  irregular 
radiolucent  area  in  left  mandibular  body,  indicating  pathologic  fracture 
(arrow).  (B)  Axial  CT  image  shows  severe  destruction  with  sequestra¬ 
tion  (arrow).  (C,  D)  Clinical  photographs  show  exposed  bone  (arrow) 


and  fistula  to  the  skin  (arrowhead).  Nine  months  later,  (E)  coronal 
STIR  MRI  shows  high  signal  in  the  left  mandible  and  in  persistent  fis¬ 
tula  to  the  skin  (arrowhead).  (F)  Axial  T1 -weighted  pre-Gd  and  (G) 
axial  T1  -weighted  fat  sat  post-Gd  MRI  show  contrast  enhancement 
(arrow).  (H)  Low-dose  CT  image  shows  bone  healing  in  the  left  man¬ 
dible,  compared  with  (B).  (I)  PET-CT  image  (the  day  after  MRI)  shows 
slightly  increased  FDG  uptake  (arrow),  compare  with  Fig.  5.24  (I) 


5.5  Medication-Related  Osteonecrosis 
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Fig.  5.26  Medication-related  osteonecrosis,  mandible  and  maxilla; 
81 -year-old  male  (prostatic  cancer  and  metastases,  2.5  years  with  anti- 
resorptive  therapy)  with  exposed  bone  both  in  the  mandible  and  maxilla 
and  with  pain  on  chewing.  (A)  Panoramic  view  shows  destruction  and 


sequestration  in  the  right  mandible,  in  anterior  part  of  left  mandible, 
and  in  anterior  maxilla  (arrows).  (B)  Axial  CT  image  of  maxilla  and 
(C)  axial  CT  image  of  mandible  confirm  destruction  and  sequestration 
(arrows) 
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Fig.  5.27  Medication-related  osteonecrosis,  maxilla;  78-year-old 
female  (osteoporosis,  more  than  10  years  with  antiresorptive  therapy); 
loose  teeth  with  pus  recently  removed  from  the  right  maxilla.  (A) 
Panoramic  view  shows  diffuse  destruction  (arrow).  (B,  C)  Axial  CT 


images  confirm  destruction  in  the  right  maxilla  (arrow).  (D)  Axial  CT 
image  shows  mucosal  thickening  in  right  maxillary  sinus  and  bone 
apposition  within  sinus  (arrow).  (E,  F,  G)  Axial  CT  images  of  mandi¬ 
ble  show  normal  bone 


5.5  Medication-Related  Osteonecrosis 
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Fig.  5.28  Medication-related  osteonecrosis,  mandible  with  some  heal¬ 
ing/improvement  at  follow-up;  80-year-old  female  (osteoporosis,  more 
than  10  years  with  antiresorptive  therapy)  with  exposed  bone  and  fistula 
and  lack  of  healing  1  year  after  tooth  extraction  (first  molar)  in  the  right 
mandible.  (A)  Panoramic  view  shows  bone  destruction,  with  sequestra¬ 
tion  (arrow)  and  sclerosis  (asterisks).  (B)  3D  CT  image  confirms 


sequestration  (arrow).  (C)  Axial  (with  cursor  lines),  (D)  oblique  sagit¬ 
tal,  and  (E)  coronal  CT  images  confirm  sequestration  (arrow)  and  scle¬ 
rosis  (asterisks).  One  year  and  11  months  after  discontinuation  of 
antiresorptive  therapy  and  1  year  and  3  months  after  sequestrectomy 
and  extraction  of  the  second  molar,  (F)  panoramic  view  shows  more 
normal  but  still  sclerotic  bone  (asterisks) 
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Fig.  5.29  Medication-related  osteonecrosis,  mandible,  with  some 
healing/improvement  at  follow-up;  90-year-old  female  (osteoporosis, 
more  than  10  years  with  antiresorptive  therapy)  with  variable  pain/dis¬ 
comfort,  some  paresthesia,  and  exposed  bone  with  suppuration;  tooth 
extractions  performed  during  the  last  3-year  period  in  the  right  mandi¬ 
ble.  (A)  Panoramic  view  shows  severe  destruction  and  sequestration 
(arrow).  (B)  Axial  (with  cursor  lines )  and  (C)  oblique  sagittal  CT 


images  confirm  destruction  and  sequestration  (arrow).  (D)  Oblique  sag¬ 
ittal  CT  image  of  normal  contralateral  side  for  comparison.  (E)  Axial 
(with  cursor  lines)  and  (F,  G)  coronal  CT  images  confirm  sequestration 
and  bone  apposition  in  the  right  mandible  (arrows).  Panoramic  views 
(H)  5  weeks  (under  antibiotic  treatment)  after  initial  examination  and 
sequestrectomy,  (I)  7  months  later  (than  H),  and  (J)  18  months  later 
(than  I)  show  bone  healing  but  still  sclerotic  bone  (asterisks) 


5.6  Abscess 
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5.6  Abscess 

Figs.  5.30,  5.31,  5.32,  5.33,  and  5.34 


-  Swallowing  problems 

-  Breath  problems 


5.6.1  Definition 

Collection  of  pus  in  bone  or  soft  tissue. 


5.6.2  Clinical  Features 

-  Swelling  and  pain 

-  Redness  and  warmth 

-  Trismus 

-  Fever  and  malaise 


5.6.3  Imaging  Features 

-  Bone  destruction  if  infection  is  in  bone 

-  Round  or  lobulated  soft-tissue  structure  with  enhancing 
peripheral  rim  and  hypodense  (necrotic)  center 

-  T2-weighted  MRI  and  STIR:  high-signal  center  sur¬ 
rounded  by  low- signal  periphery 

-  T1 -weighted  pre-Gd  MRI:  intermediate  signal 

-  T1 -weighted  post-Gd  MRI:  no  contrast  enhancement 
except  periphery 

-  A  phlegmon  or  cellulitis  will  enhance  diffusely  and 
entirely 


Fig.  5.30  Abscess,  submandibular;  22-month-old  male  with  history  of 
left  neck  mass,  strep  throat,  and  fever.  (A)  Axial  post-contrast  CT 
image,  soft-tissue  window,  shows  anterior  and  lateral  to  left  subman¬ 
dibular  gland  a  hypodense  nodular,  circular  structure  surrounded  by 


hyperintense  rim  (arrow).  (B)  Axial  post-contrast  CT  image,  soft-tissue 
window,  shows  abscess  (arrow)  surrounded  by  diffuse  infiltration  in  fat 
planes  and  scattered  cervical  lymphadenopathy.  Normal  bone  structures 
not  shown 


210 


5  Jaw  Infections 


Fig.  5.31  Abscess,  parapharyngeal;  24-year-old  female  with  pharyn¬ 
geal  swelling  after  extraction  of  infected  third  molar.  (A)  Panoramic 
view  shows  tooth  socket  (< arrowhead)  and  infectious  first  molar  in  the 
maxilla.  (B)  Axial  post-contrast  CT  image,  soft-tissue  window,  shows 


abscess  from  tooth  socket,  extending  parapharyngeally  (arrows).  (C) 
Axial  post-contrast  CT  image,  soft-tissue  window,  shows  parapharyn¬ 
geal  abscess  and  narrowing  air  space  (arrow) 


Fig.  5.32  Abscess,  parapharyngeal;  36-year-old  male  with  swelling  of 
the  face  from  the  orbit  to  the  neck  from  mandibular  osteomyelitis.  (A) 
Axial  post-contrast  CT  image,  soft-tissue  window,  shows  soft-tissue 
swelling  in  masticator,  submandibular,  submental,  and  parapharyngeal 
spaces,  as  well  as  in  tonsillar  region  (arrows).  (B)  Axial  post-contrast 


CT  image,  soft-tissue  window,  shows  parapharyngeal  abscess  (asterisk) 
and  edema  in  the  floor  of  the  mouth  and  around  the  pharynx  (note  can¬ 
nula  in  place),  which  is  displaced.  (C)  Axial  post-contrast  CT  image, 
soft-tissue  window,  shows  abscess  at  level  of  hyoid  bone  (arrow) 


5.6  Abscess 
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Fig.  5.33  Abscess,  parapharyngeal;  29-year-old  female  with  infected 
third  mandibular  molar  extracted  1  week  previously  and  history  of  lat¬ 
eral  pharyngeal  wall  infection,  large  perimandibular  swelling,  swelling 
in  the  floor  of  the  mouth,  and  air-breathing  problems.  (A)  Coronal  post¬ 
contrast  CT  image  shows  tooth  socket  (arrow)  and  infectious  root  also 
on  contralateral  side.  (B)  Coronal  post-contrast  CT  image  shows 
destruction  of  lingual  cortical  plate  below  the  attachment  of  mylohyoid 


muscle  (arrow).  (C)  Axial  post-contrast  CT,  soft-tissue  window,  shows 
abscess  lingual  to  tooth  socket  (arrow)  and  diffuse  edema  in  the  entire 
floor  of  the  mouth,  closure  of  airspace,  and  cannula  in  place.  (D) 
Coronal  post-contrast  CT  image,  soft-tissue  window,  shows  large 
abscess  in  masticator,  submandibular,  and  parapharyngeal  spaces  with 
closure  of  airspace  (arrows).  Enlarged  lymph  nodes  (more  than  1  cm) 
were  seen 


Fig.  5.34  Abscess  in  cheek;  31-year-old  female  with  dental  infection 
with  pain  and  swelling  in  the  palate  and  cheek  (history  of  multiple  den¬ 
tal  abscesses).  (A)  Coronal  post-contrast  CT  image,  soft-tissue  window, 
shows  soft-tissue  swelling  in  the  palate,  small  gas  collections  close  to 


alveolar  process,  and  abscess  in  the  cheek  (arrow).  (B)  Coronal  post¬ 
contrast  CT  image,  soft- tissue  window,  4  years  later  shows  normal 
cheek  (possibly  some  scar  tissue) 
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Abstract 

This  chapter  illustrates  internal  derangements,  osteoarthritis,  bone  marrow  abnormalities, 
arthritides;  rheumatoid  artritis,  psoriatic  arthritis,  ankylosing  spondylitis,  inflammatory 
arthritis  without  known  generalized  joint  disease,  and  juvenile  idiopathic  arthritis,  juvenile 
osteoarthritis,  ankyloses,  condylar  growth  disturbances  (anomalies);  condylar  hyperplasia, 
condylar  hypoplasia,  and  bifid  condyle,  inflammatory  or  tumorlike  conditions;  calcium 
pyrophosphate  dehydrate  crystal  deposition  disease,  pigmented  villonodular  synovitis,  sim¬ 
ple  bone  cyst,  synovial  cyst,  and  synovial  chondromatosis,  benign  tumors;  osteochondroma, 
osteoma,  and  sphenoid  meningioma,  malignant  tumors;  metastatic  osteosarcoma  and  meta¬ 
static  tumor  from  lung  cancer,  osteoradionecrosis,  and  coronoid  hyperplasia. 


6.1  Introduction 

Patients  with  temporomandibular  disorders  constitute  a  het¬ 
erogeneous  group.  Many  have  symptoms  that  are  not  directly 
related  to  the  joints  proper.  Although  the  clinical  assessment 
of  the  temporomandibular  joint  (TMJ)  provides  limited 
information  with  respect  to  its  anatomic-pathologic  status, 
imaging  should  only  be  performed  if  a  thorough  physical 
examination  indicates  the  need  for  more  information  and  for 
patient  management. 

A  number  of  imaging  modalities  have  been  used  in  the  past 
and  are  still  used  to  examine  patients  with  TMJ  problems. 
MRI  has  become  the  leading  method,  being  the  only  one  to 
assess  disc  integrity,  disc  position,  condylar  bone  marrow,  and 
inflammatory  soft-tissue  changes.  For  evaluation  of  the  corti¬ 
cal  bone,  CT  is  superior  to  MRI.  Since  cone  beam  CT  became 
available,  this  method  is  increasingly  used  to  examine  the 
TMJ.  It  does  not  seem  to  be  any  diagnostic  difference  between 
CT  and  cone  beam  CT  for  the  evaluation  of  the  bone  compo¬ 
nents  of  the  TMJ.  Therefore,  the  chapter  focuses  on  CT  and 
MRI  findings  in  a  number  of  conditions  that  may  affect  this 
joint.  Usually  one  method  is  sufficient,  but  occasionally,  both 
CT  and  MRI  may  add  valuable  diagnostic  information. 


The  imaging  protocols  consist  of  oblique  sagittal  and 
oblique  coronal  images  that  are  obtained  perpendicular  or 
parallel  to  the  long  axis  of  the  mandibular  condyle,  at  closed 
mouth.  Most  patients  examined  with  MRI  will  have  supple¬ 
mentary  open-mouth  MRI,  frequently  using  a  rapid  (gradient- 
echo)  oblique  sagittal  sequence.  If  not  specifically  mentioned 
in  the  legends,  the  MR  images  in  this  chapter  are  PD  (proton 
density)- weighted  (intermediate- weighted)  or  T1  -weighted 
images.  Routinely,  arrow  indicates  posterior  band  of  the  disc. 

When  appropriate,  other  imaging  modalities  are  presented. 
In  selected  cases,  clinical  photos,  histologic  evidence,  surgi¬ 
cal  specimens,  and  autopsy  specimen  sections  are  shown. 

Normal  (asymptomatic  volunteer)  features  in  CT  and  MR 
images,  as  well  as  normal  features  in  autopsy  specimen  sec¬ 
tions  and  normal  condylar  bone  marrow  histology,  are  shown 
in  Chap.  1,  “Maxillofacial  Imaging  Anatomy”. 


6.2  Internal  Derangements  (with  Normal 
Cortical  Bone) 

Figs.  6.1,  6.2,  6.3,  6.4,  6.5,  6.6,  6.7,  6.8,  6.9,  6.10,  6.11,  6.12, 
6.13,  6.14,  and  6.15 


In  collaboration  with  H.-J.  Smith. 


©  Springer  International  Publishing  AG  2018 

T.A.  Larheim,  P.-L.A.  Westesson,  Maxillofacial  Imaging,  https://doi.org/10.1007/978-3-319-53319-3_6 


215 


216 


6  Temporomandibular  Joints 


6.2.1  Definition 

General  orthopedic  term  implying  a  mechanical  fault  that 
interferes  with  the  smooth  action  of  a  joint;  internal  arrange¬ 
ment  is  a  functional  diagnosis,  and  for  the  TMJ  the  most  com¬ 
mon  internal  derangement  is  displacement  of  the  articular  disc. 


Fig.  6.1  Disc  displacement,  normal  bone  in  the  right  joint  (A,  B,  C, 
D),  normal  disc  position,  normal  bone  in  the  left  joint  (B,  E,  F,  G); 
29-year-old  male.  (A)  Oblique  sagittal  CT  image  shows  normal  cortical 
bone  and  condyle  posteriorly  positioned  in  fossa.  (B)  Axial  CT  image 
0 cursor  lines  for  oblique  sagittal  images).  (C)  Oblique  sagittal 
PD-weighted  MRI  shows  disc  displacement;  posterior  band  (arrow) 


6.2.2  Clinical  Features 

-  Clicking  sounds  from  joint(s) 

-  Clicking  sounds  that  have  disappeared 

-  Restricted  or  normal  mouth-opening  capacity 

-  Deviation  or  other  irregular  jaw  motion  on  opening 
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anterior  to  the  condyle.  (D)  Oblique  sagittal  T2-weighted  MRI  shows 
minimal  (normal)  joint  fluid  (arrowhead).  (E)  Oblique  sagittal  CT 
image  shows  normal  cortical  bone.  (F)  Oblique  sagittal  PD-weighted 
MRI  shows  normal  disc  position;  posterior  band  (arrow)  superior  to  the 
condyle.  (G)  Oblique  sagittal  T2-weighted  MRI  shows  no  joint  fluid 


6.2  Internal  Derangements  (with  Normal  Cortical  Bone) 
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-  Pain  or  no  pain  in  joint  areas  and/or  masticatory  muscles 

-  Occasionally,  joints  may  show  inflammatory  signs 

-  A  variety  of  other  symptoms  such  as  headache 

-  Women  more  frequent  than  men 

-  Also  younger  age  groups 

6.2.3  Imaging  Features 

-  Anterior  disc  displacement:  posterior  band  of  the  disc 
located  anterior  to  the  superior  portion  of  the  condyle  at 
closed  mouth  on  oblique  sagittal  images 

-  The  disc  may  have  normal  (biconcave)  or  deformed 
morphology 

-  In  open-mouth  image,  the  disc  may  be  in  a  normal  posi¬ 
tion  (“with  reduction”)  or  continue  to  be  displaced  (“with¬ 
out  reduction”  or  “non-reducing”) 

-  Anterior  disc  displacement  without  or  with  lateral  or 
medial  disc  displacement  most  common 


-  Lateral  or  medial  disc  displacement  best  seen  on  oblique 
coronal  images 

-  Pure  lateral  or  medial  or  posterior  disc  displacement 
uncommon 

-  Complete  disc  displacement;  the  disc  is  displaced 
throughout  the  joint,  i.e.,  in  all  oblique  sagittal  sections 

-  Partial  disc  displacement;  the  disc  is  displaced  in  only  one 
part  of  the  joint 

-  Complete  disc  displacement  may  show  non-reducing  or 
reducing  (normalizing)  disc  on  mouth  opening 

-  Discs  that  are  non-reducing  are  usually  displaced 
completely 

-  Partial  disc  displacement  will  frequently  show  reducing 
disc  on  mouth  opening 

-  The  disc  may  be  in  normal  position  at  closed  mouth,  but 
not  move  on  mouth  opening;  stuck  disc  or  fixed  disc 

-  Effusion,  typically  located  in  anterior  recess  of  the  upper 
compartment,  may  be  seen 

-  Bone  marrow  edema  in  the  condyle  may  be  seen. 

-  Cortical  bone  is  normal 


Fig.  6.2  Complete  anterior  disc  displacement  (disc  displaced  through¬ 
out  the  joint)  without  reduction,  normal  bone.  (A,  B,  C)  Oblique  sagit¬ 
tal  MRI  shows  displaced  and  deformed  disc  (arrow)  in  lateral  (A), 
central  (B),  and  medial  (C)  section.  (D)  Oblique  sagittal  open-mouth 


MRI  shows  anteriorly  displaced  disc  (arrow).  (E,  F,  G)  Autopsy  speci¬ 
men  shows  anteriorly  displaced  disc  (arrow)  in  lateral  (E),  central  (F), 
and  medial  (G)  sections.  (A-D)  reproduced  with  permission  from 
Larheim  et  al.  (2001a) 
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Fig.  6.3  Partial  disc  displacement  (disc  displaced  only  in  one  part  of 
the  joint)  with  reduction,  normal  bone;  39-year-old  female  (A,  B,  C). 
(A)  Oblique  sagittal  T2-weighted  MRI  shows  small  amount  of  fluid  and 
disc  displacement;  posterior  band  (arrow)  located  in  anterior  position  to 
the  condyle  in  one  section.  (B)  Oblique  sagittal  T2-weighted  MRI 


shows  normal  disc  position  with  posterior  band  (arrow)  superior  to  the 
condyle  in  a  more  medial  section.  (C)  Oblique  sagittal  open-mouth 
MRI  shows  normal  disc  position  (arrow)  and  normal  condylar  transla¬ 
tion.  (D,  E,  F)  Partial  disc  displacement  with  reduction  in  another 
patient;  oblique  sagittal  MR  images  correspond  to  (A,  B,  C) 


Fig.  6.4  Partial  disc  displacement,  normal  bone;  65-year-old  male.  (A) 
Oblique  coronal  T1  -weighted  post-Gd  MRI  shows  laterally  displaced 
disc  (arrow).  (B)  Oblique  sagittal  T1  -weighted  MRI  shows  apparently 


normal  disc  position.  (C)  Oblique  sagittal  open-mouth  MRI  shows 
apparently  normal  disc  position  (arrow)  and  slightly  reduced  condylar 
translation 


Fig.  6.5  Lateral  disc  displacement,  normal  bone.  (A)  Oblique  sagittal  MRI  shows  little  disc  tissue,  but  tendon  to  lateral  pterygoid  muscle  (arrow¬ 
head).  (B)  Oblique  coronal  MRI  shows  the  disc  (arrow)  displaced  laterally 


6.2  Internal  Derangements  (with  Normal  Cortical  Bone) 
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Fig.  6.6  Lateral  disc  displacement,  normal  bone.  (A)  Oblique  coronal  MRI  shows  laterally  displaced  disc  (arrow).  (B)  Autopsy  specimen  shows 
laterally  displaced  disc  (arrow).  Reproduced  with  permission  from  Tasaki  et  al.  (1996) 


Fig.  6.7  Medial  disc  displacement,  normal  bone.  (A)  Oblique  sagittal  MRI  shows  normal  position  of  the  disc  (arrowhead).  (B)  Oblique  coronal 
MRI  shows  medially  displaced  disc  (arrow) 


Fig.  6.8  Posterior  disc  displacement,  normal  bone.  (A,  B)  Oblique  sagittal  MRI  shows  posteriorly  displaced  disc  (arrow)  in  two  patients.  (C) 
Autopsy  specimen  shows  posteriorly  displaced  disc  (arrow).  Reproduced  with  permission  from  Westesson  et  al.  (1998) 
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Fig.  6.9  Anterior  disc 
displacement,  fibrous 
posterior  attachment 
(pseudodisc),  normal  bone. 

(A)  Oblique  sagittal  MRI 
shows  anteriorly  displaced 
disc  (arrow)  and  thin, 
low- signal  posterior 
attachment  (arrowhead). 

(B)  Autopsy  specimen  shows 
anteriorly  displaced  disc 
(arrow)  and  elongated,  thin, 
and  fibrotic  posterior 
attachment  (arrowhead). 
Reproduced  with  permission 
from  Westesson  et  al.  (2003) 


Fig.  6.10  Anterior  disc  displacement,  joint  effusion,  normal  cortical 
bone,  one  patient  without  (A,  B)  and  one  patient  with  (C)  bone  marrow 
edema  in  the  condyle.  (A)  Oblique  sagittal  MRI  shows  anteriorly  dis¬ 
placed  and  deformed  disc  (arrow)  and  intermediate  signal  from  anterior 
recess  of  the  upper  compartment  (arrowhead).  (B)  Oblique  sagittal 
T2-weighted  MRI  shows  increased  signal  from  the  upper  (arrowhead) 
and  lower  compartment,  consistent  with  evident  fluid,  but  normal  con¬ 


dyle  marrow  (arrow  indicates  disc)  (A  and  B  have  been  used  as  refer¬ 
ence  images  for  definition  of  joint  effusion  and  are  reproduced  with 
permission  from  Larheim  et  al.  2001b).  (C)  Oblique  sagittal 
T2-weighted  MRI  of  another  patient  shows  anteriorly  displaced, 
deformed  disc  (arrow),  more  extensive  fluid  in  the  upper  compartment 
(arrowhead),  and  increased  signal  in  condyle  marrow  indicating  mar¬ 
row  edema 


6.2  Internal  Derangements  (with  Normal  Cortical  Bone) 
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Fig.  6.1 1  Complete  anterior  disc  displacement  without  reduction,  nor¬ 
mal  bone;  61 -year-old  male.  (A,  B,  C)  Oblique  sagittal  CT  images  show 
normal  bone  in  lateral,  central,  and  medial  sections  and  condyle  poste¬ 
riorly  positioned  in  fossa  in  central  and  medial  sections.  (D,  E,  F) 


Oblique  sagittal  STIR  MRI  shows  anteriorly  displaced  disc  (arrow)  in 
lateral,  central,  and  medial  sections  and  joint  effusion  (arrowhead) 
throughout  the  joint.  (G)  Oblique  sagittal  open-mouth  MRI  shows  dis¬ 
placed  disc  (arrow)  and  reduced  condylar  translation 


Fig.  6.1 2  Anterior  disc 
displacement,  bone  marrow 
edema,  normal  cortical  bone.  (A) 
Oblique  sagittal  MRI  shows 
anteriorly  displaced  disc  (arrow) 
and  intermediate  signal  in  condyle 
marrow  (arrowhead).  (B)  Oblique 
sagittal  T2-weighted  MRI  shows 
increased  signal  in  condyle 
marrow;  arrowhead  edema,  arrow 
displaced  disc.  Reproduced  with 
permission  from  Larheim  et  al. 
(2001c) 


222 


6  Temporomandibular  Joints 


Fig.  6.1 3  Partial  anterior  disc  displacement  at  baseline  (A,  B,  C)  and 
at  8-year  follow-up  (D,  E,  F),  normal  bone;  identical  joint  status  (except 
function)  at  both  examinations.  (A,  D)  Oblique  sagittal  MRI  shows  dis¬ 
placed  disc  (arrow)  in  lateral  sections.  (B,  E)  Oblique  sagittal  MRI 


shows  normal  position  of  the  disc  (arrow)  in  central  sections.  (C,  F) 
Oblique  sagittal  MRI  shows  normal  position  of  the  disc  (arrow)  in 
open-mouth  images;  condylar  translation  somewhat  reduced  at  follow¬ 
up  compared  to  baseline 


6.2  Internal  Derangements  (with  Normal  Cortical  Bone) 
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Fig.  6.1 4  Reducing  disc 
displacement  progressing  to 
non-reducing  disc 
displacement,  normal  bone, 
from  baseline  (A,  B)  to 
10-year  follow-up  (C,  D). 

(A)  Oblique  sagittal  MRI 
shows  anteriorly  displaced 
disc  (arrow).  (B)  Disc  (arrow) 
reduced  to  normal  in  oblique 
sagittal  open-mouth  image. 
(C)  Oblique  sagittal  MRI 
shows  anteriorly  displaced 
disc  (arrow).  (D)  Disc 
(arrow)  displaced  also  in 
oblique  sagittal  open-mouth 
image 
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Fig.  6.1 5  Stuck  (fixed)  disc, 
normal  bone.  (A)  Oblique 
sagittal  MRI  shows  the  disc 
(i arrow )  in  normal  position. 
(B)  Oblique  sagittal 
open-mouth  MRI  shows  the 
disc  (arrow)  in  the  same 
position,  no  motion  of  the 
disc  with  the  condyle, 
probably  due  to  fibrous 
adhesions 


6.3  Osteoarthritis 

Figs.  6.16,  6.17,  6.18,  6.19,  6.20,  6.21,  6.22,  6.23,  6.24,  6.25, 
6.26,  6.27,  6.28,  6.29,  6.30,  and  6.31 

Synonyms:  osteoarthrosis,  degenerative  joint  disease. 

6.3.1  Definition 

Previously,  osteoarthritis  (OA)  was  considered  a  non¬ 
inflammatory,  degenerative  disorder  of  synovial  joints,  pri¬ 
marily  affecting  articular  cartilage  and  subchondral  bone, 
initiated  by  deterioration  of  articular  soft- tissue  cover  and 
exposure  of  the  bone.  OA  is  now  accepted  as  an  inflamma¬ 
tory  condition  (with  variable  activity)  that  involves  all  com¬ 
ponents  of  the  joint. 

6.3.2  Clinical  Features 

-  Crepitation  sounds  from  joint(s) 

-  Restricted  or  normal  mouth-opening  capacity 

-  Pain  or  no  pain  from  joint  areas  and/or  of  mastication 
muscles 

-  Occasionally,  joints  may  show  inflammatory  signs 

-  A  variety  of  other  symptoms  such  as  headache 


-  Women  more  frequent  than  men 

-  Older  age  groups  more  frequent  than  younger  age  groups 

-  Arthrosis  deformans  juvenilis  (juvenile  osteoarthritis)  in 
young  patients 


6.3.3  Imaging  Features 

-  Disc  displacement,  degenerated  or  absent  disc  very 
frequent 

-  Abnormal  cortical  bone;  both  joint  components;  most  evi¬ 
dent  in  the  condyle 

-  Early  stage:  cortical  erosion 

-  Advanced  stage:  joint  space  reduction  and  bone  produc¬ 
tion;  osteophytosis,  sclerosis 

-  Joint  effusion  may  be  seen,  either  in  early  or  advanced 
stage 

-  Bone  marrow  edema  or  bone  marrow  sclerosis,  or  in  com¬ 
bination,  may  be  seen,  either  in  early  or  advanced  stage 

-  Usually  intravenous  contrast  injection  is  not  applied,  but 
osteoarthritis  may  demonstrate  contrast  enhancement  of 
thickened  synovium 

-  Osteoarthritis  secondary  to  trauma  or  inflammatory 
arthritis  usually  shows  normal  disc  position 

-  Bone  remodeling,  particularly  in  young  age  (juvenile 
osteoarthritis) 


6.3  Osteoarthritis 
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Fig.  6.1 6  Osteoarthritis; 
50-year-old  female.  (A) 
Panoramic  view  suggests 
right-sided  osteoarthritis 
(condylar  osteophyte) 

(arrow).  (B,  C)  Oblique 
sagittal  and  (D)  oblique 
coronal  CT  images  show  large 
condylar  osteophyte  (arrow), 
severe  erosion  in  temporal 
bone  (arrowhead),  and 
subcortical  cysts  in  the 
condyle  (black  arrowhead) 


Fig.  6.1 7  Osteoarthritis,  with  5-year  follow-up;  female  37-year-old  at 
baseline  (A,  B,  C,  D,  E,  F,  G).  (A)  Panoramic  view  shows  sclerotic  and 
flattened  left  mandibular  condyle  (arrow).  (B)  Axial  and  (C,  D)  oblique 
sagittal  CT  images  show  normal  right  joint  (B,  C)  and  osteoarthritic  left 
joint  (B,  D);  arrowhead  condylar  erosion,  arrow  condylar  sclerosis.  (E) 
Oblique  sagittal  PD-weighted,  (F)  oblique  sagittal  T2-weighted,  and 
(G)  oblique  coronal  T1  -weighted  MRI  show  sclerosis  (reduced  signal 


intensity)  in  the  condyle  (arrow),  condylar  erosion  (arrowhead),  and 
laterally  displaced  disc  (black  arrowhead)  in  the  left  joint.  At  5-year 
follow-up,  (H)  axial  and  (I,  J)  sagittal  CT  images  show  normal  right 
joint  (H,  I)  and  more  pronounced  sclerosis  (arrow)  and  less  pronounced 
cortical  erosion  (arrowhead)  in  the  left  joint  (H,  J),  compared  with  (B, 
C,  D) 
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Fig. 6.18  Osteoarthritis,  with  5-year  follow-up:  “improvement”  in  one 
joint,  progression  in  contralateral  joint;  female  36-year-old  at  baseline 
(A-F).  (A)  Axial,  (B)  oblique  sagittal,  and  (C)  oblique  coronal  CT 
images  of  the  right  joint  show  cortical  erosion  in  lateral  part  of  the  con¬ 
dyle  (arrow).  (D)  Axial  CT  (with  cursor  lines),  (E)  oblique  sagittal,  and 
(F)  oblique  coronal  CT  images  of  the  left  joint  show  normal  bone.  At 
5-year  follow-up  (G-L),  (G)  axial  CT  (with  cursor  lines),  (H)  oblique 


sagittal,  and  (I)  oblique  coronal  CT  images  of  the  right  joint  show  flat¬ 
tened  (remodeled)  condyle  with  “healed”  cortical  bone,  compared  with 
(B,  C).  Steroid  injections  had  been  performed  twice.  (J)  Axial  CT  (with 
cursor  lines),  (K)  oblique  sagittal,  and  (L)  oblique  coronal  CT  images 
of  the  left  joint  show  cortical  erosion  (arrow),  compared  with  (E,  F) 


Fig.  6.1 9  Inflammatory  arthritis/erosive  osteoarthritis  developing  into 
(symptom-free)  bone-productive  osteoarthritis  within  a  2-year  period; 
male  66-year-old  at  baseline,  with  inflammatory  ENT  symptoms  for 
about  1  month  and  impaired  jaw  function.  (A)  Axial  CT,  (B)  axial  (with 


cursor  line),  and  (C)  oblique  sagittal  CT  images  show  punched-out  ero¬ 
sions  in  the  condyle  (arrow).  At  2-year  follow-up,  (D,  E,  F)  oblique 
sagittal  CT  images  of  lateral,  central,  and  medial  parts  show  flattened 
condyle  with  osteophyte  formation  (arrow) 


6.3  Osteoarthritis 
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Fig.  6.20  Osteoarthritis, 
anterior  disc  displacement. 
(A)  Oblique  sagittal  MRI 
shows  anteriorly  displaced 
disc  remnant  (arrow)  and 
irregular  cortical  outline  with 
condylar  osteophyte/sclerosis 
(arrowhead).  (B)  Autopsy 
specimen  shows  anteriorly 
displaced,  deformed  disc 
(arrow)  and  osteophyte/ 
sclerosis  of  the  condyle 
(arrowhead) 


Fig.  6.21  Osteoarthritis, 
anterolateral  disc 
displacement.  (A)  Oblique 
sagittal  MRI  shows  anteriorly 
displaced,  deformed  disc 
(arrow)  and  cortical 
irregularities  and  flattening  of 
the  condyle.  (B)  Oblique 
coronal  MRI  shows  laterally 
displaced  disc  (arrow) 
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Fig.  6.22  Osteoarthritis, 
posterior  disc  displacement. 
(A)  Oblique  sagittal  MRI 
shows  disc  perforation  and 
cortical  irregularities  of  the 
condyle  (arrowhead)  and 
posteriorly  displaced  disc 
(arrow).  (B)  Oblique  sagittal 
open-mouth  MRI  shows  the 
disc  (arrow)  adherent  to  the 
condyle.  Reproduced  with 
permission  from  Westesson 
etal.  (1998) 


Fig.  6.23  Osteoarthritis  and 
anterolateral  disc 
displacement,  with  joint 
effusion.  Same  patient  as  in 
Fig.  6.21.  (A)  Oblique  sagittal 
T2- weighted  MRI  shows 
anteriorly  displaced  disc 
(arrow),  flattened  condyle, 
and  joint  effusion 
(arrowhead)  in  anterior  recess 
of  the  upper  compartment. 

(B)  Oblique  coronal 
T2-weighted  MRI  shows  joint 
effusion  in  lateral  part  of  the 
joint  above  laterally  displaced 
disc  (arrow) 


6.3  Osteoarthritis 
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Fig.  6.24  Advanced  osteoarthritis,  anterior  disc  displacement,  joint 
effusion.  (A)  Oblique  sagittal  T2-weighted  MRI  shows  anteriorly  dis¬ 
placed,  deformed  disc  (arrow),  large  joint  effusion  (large  arrowhead)  in 
anterior  recess  of  the  upper  compartment,  and  possible  bone  fragment 
(small  arrowhead)  superior  to  the  condyle,  which  has  cortical  irregu¬ 
larities  and  is  completely  sclerotic  (“black  condyle”).  Reproduced  with 


permission  from  Larheim  et  al.  (2001c).  (B)  Autopsy  specimen  shows 
anteriorly  displaced,  deformed  disc  (arrow),  osteophyte  and  cortical 
irregularities  of  the  condyle,  and  bone  fragment  in  joint  space  (arrow¬ 
head)  suggesting  osteochondritis  dissecans.  Reproduced  with  permis¬ 
sion  from  Westesson  et  al.  (2003) 


Fig.  6.25  Osteoarthritis,  loose  body,  bone  marrow  edema,  and/or 
extensive  erosion  in  the  condyle;  65-year-old  male.  (A)  Oblique  sagittal 
and  (B)  oblique  coronal  CT  images  show  severe  erosion  (arrow),  osteo¬ 
phyte  (arrowhead),  and  loose  body  (black  arrowhead).  (C)  Oblique 
sagittal  open-mouth  MRI  shows  loose  body  (arrowhead)  moved  ante¬ 


rior  to  eminence  and  reduced  condylar  translation.  (D)  Oblique  sagittal 
T2-weighted  MRI  shows  marrow  edema  and/or  extensive  erosion  in  the 
condyle  (arrow)  and  some  joint  effusion  (thin  arrow).  (E)  Oblique  sag¬ 
ittal  T1 -weighted  pre-Gd  and  (F)  oblique  sagittal  T1  -weighted  post-Gd 
MRI  show  contrast  enhancement  in  the  condyle  (arrow) 
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Fig.  6.26  Advanced  osteoarthritis,  anterior  disc  displacement,  joint 
effusion,  synovitis.  (A)  Oblique  sagittal  T2- weighted  MRI  shows  ante¬ 
riorly  displaced,  deformed  disc  (arrow),  deformed  condyle  with  osteo¬ 
phyte/sclerosis,  and  large  effusion  in  anterior  (white  arrowhead)  and 
posterior  (black  arrowhead)  recesses  of  joint  compartment.  (B)  Oblique 
sagittal  T1 -weighted  pre-Gd  and  (C)  oblique  sagittal  T1 -weighted  post- 


Gd  MRI  show  contrast  enhancement  in  periphery  of  joint  effusion  in 
anterior  (left  arrowhead)  and  posterior  (black  arrowhead)  recesses  of 
joint  compartment.  Contrast  enhancement  also  in  joint  space  above  the 
condyle  consistent  with  thickened  (inflamed)  synovium  (central 
arrowhead) 


Fig.  6.27  Osteoarthritis  with  contrast  enhancement  (synovitis),  surgi¬ 
cally  treated;  27-year-old  female.  (A,  B,  C,  G,  H,  I)  Right  joint.  (D,  E, 
F)  Left  joint.  (A)  Oblique  sagittal  CT  image  shows  flattened  articular 
surfaces,  condylar  osteophyte/sclerosis  (arrow),  and  sclerosis  in  fossa/ 
eminence  (arrowhead).  (B)  Oblique  sagittal  open-mouth  MRI  shows 
displaced  disc  (arrow)  and  reduced  condylar  translation.  (C)  Oblique 
sagittal  T2-weighted  MRI  shows  large  joint  effusion  in  the  upper  joint 
compartment,  both  anterior  and  posterior  recess  (arrows).  (D)  Oblique 


sagittal  CT  image  shows  flattened  condylar  surface  and  condylar  osteo¬ 
phyte/sclerosis  (arrow).  (E)  Oblique  sagittal  open-mouth  MRI  shows 
anteriorly  displaced  disc  (arrow)  and  reduced  condylar  translation.  (F) 
Oblique  sagittal  T2-weighted  MRI  shows  minimal  joint  fluid.  (G,  H,  I) 
Oblique  sagittal  T1 -weighted  fat  sat  post-Gd  MRI  shows  evident  con¬ 
trast  enhancement  in  the  synovial  membrane  (synovitis)  surrounding 
effusion  in  anterior  recess  (arrow).  There  was  no/minimal  contrast 
enhancement  in  the  left  joint  (not  shown) 


6.3  Osteoarthritis 
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Fig.  6.28  Osteoarthritis  with  contrast  enhancement  (synovitis),  surgi¬ 
cally  treated;  38-year-old  female.  (A)  Oblique  sagittal  and  (B)  oblique 
coronal  CT  images  show  somewhat  sclerotic  condyle  and  surface  irreg¬ 
ularities  of  eminence  and  condyle  (arrow).  (C)  Oblique  sagittal 
T2-weighted  MRI  shows  joint  effusion  particularly  in  anterior  recess  of 
the  upper  compartment  (arrowhead)  and  anteriorly  displaced  disc 
(arrow).  (D)  Oblique  sagittal  T1 -weighted  pre-Gd  and  (E)  oblique  sag¬ 
ittal  T1 -weighted  post-Gd  MRI  show  contrast  enhancement  in  joint 


compartment  (arrows);  note  in  particular  around  effusion  (arrowhead) 
consistent  with  synovitis/pannus  formation.  (F)  Oblique  sagittal 
T1 -weighted  post-Gd  MRI  about  10  min  later  shows  contrast  enhance¬ 
ment  in  the  entire  joint  effusion  (arrowhead).  (G)  Oblique  coronal 
T1 -weighted  post-Gd  MRI  shows  laterally  displaced  disc  (arrow).  (H) 
Oblique  sagittal,  (I)  oblique  coronal  CT  images,  (J)  oblique  sagittal 
T2- weighted,  and  (K)  oblique  sagittal  T1 -weighted  post-Gd  MRI  show 
normal  contralateral  joint 
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Fig.  6.29  Osteoarthritis  developed  during  a  15-year  period  from  non¬ 
reducing  disc  displacement  and  normal  bone.  At  baseline,  (A,  B,  C) 
oblique  sagittal  MRI  shows  anteriorly  displaced  disc  (arrow)  in  lateral 
(A)  and  central  (B)  images  and  in  open-mouth  image  (C)  and  normal 
cortical  bone.  At  follow-up  (D,  E,  F)  oblique  sagittal  MRI  shows  ante¬ 


riorly  displaced  disc  (arrow)  in  lateral  (D)  and  central-medial  (E) 
images  and  in  open-mouth  image  (F)  and  abnormal  cortical  bone;  the 
condyle  has  now  irregular,  flattened,  sclerotic  surface  laterally  (arrow¬ 
head)  (D).  Note  better  condylar  translation  in  osteoarthritic  joint  at 
follow-up  (F),  compared  to  non-osteoarthritic  joint  at  baseline  (C) 


6.3  Osteoarthritis 
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Fig.  6.30  Osteoarthritis  progression, 
with  non-reducing  disc  displacement  at 
baseline  (A,  B)  and  at  15 -year  follow-up 
(C,  D).  Contralateral  joint  of  patient  in 
Fig.  6.29.  (A,  B)  Oblique  sagittal  MRI 
shows  anteriorly  displaced  disc  (arrow), 
also  in  open-mouth  image  (B),  and 
flattened  condyle  (arrowhead).  (C,  D) 
Oblique  sagittal  MRI  shows  anteriorly 
displaced  disc  (arrow),  also  in  open- 
mouth  image  (D),  and  osteoarthritic 
condyle  (arrowhead).  Osteoarthritis  is 
more  evident  in  a  more  lateral  section  of 
the  same  joint  (see  A  in  Fig.  6.20) 


Fig.  6.31  Advanced  osteoarthritis, 
anterior  disc  displacement.  (A)  Oblique 
sagittal  MRI  shows  anteriorly  displaced 
disc  (arrow)  and  flattened  condyle  with 
osteophyte  and  extensive  marrow 
sclerosis  or  fibrosis  (arrowhead).  (B) 
Oblique  sagittal  T2-weighted  MRI 
shows  reduced  signal  in  condyle 
marrow  confirming  marrow  sclerosis  or 
fibrosis  (arrowhead).  (C)  Histologic 
section  from  condyle  marrow  of  the 
same  patient  shows  replacement  of 
marrow  by  dense,  sclerotic  bone  and 
fibrous  tissue,  suggesting  a  reparative 
process  (hematoxylin  eosin;  original 
magnification  x  50).  Reproduced  with 
permission  from  Larheim  et  al.  (1999) 
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6.4  Bone  Marrow  Abnormalities 

Figs.  6.32,  6.33,  6.34,  and  6.35 

6.4.1  Definition 

Bone  marrow  edema:  serum  proteins  within  marrow  intersti- 

tium  surrounded  by  normal  hematopoietic  marrow. 

Osteonecrosis:  complete  loss  of  hematopoietic  marrow. 

6.4.2  Clinical  Features 

-  More  pain  from  joints  with  internal  derangement  and 
abnormal  bone  marrow  than  from  joints  with  internal 
derangement  and  normal  bone  marrow  is  reported 

-  Otherwise,  there  are  no  specific  features  compared  to 
internal  derangement  or  osteoarthritis 


6.4.3  Imaging  Features 

-  Abnormal  signal  on  T2-weighted  image  from  condyle 
marrow:  increased  signal  indicates  marrow  edema; 
reduced  signal  indicates  marrow  sclerosis  or  fibrosis 

-  Combination  of  marrow  edema  signal  and  marrow  sclero¬ 
sis  (or  fibrosis)  signal  in  the  condyle  is  the  most  reliable 
sign  for  histologic  diagnosis  of  osteonecrosis 

-  Marrow  sclerosis  (or  fibrosis)  signal  may  indicate 
advanced  osteoarthritis  without  osteonecrosis  or 
osteonecrosis 

-  Abnormal  bone  marrow  signal  is  frequently  associated 
with  joint  effusion 

-  Marrow  edema  or  osteonecrosis  is  occasionally  seen  in 
joints  with  normal  cortical  bone  and  disc  displacement 
but  more  frequently  in  joints  with  osteoarthritis 


Fig.  6.32  Bone  marrow  edema,  osteonecrosis.  (A)  Histologic  section 
from  mandibular  condyle  marrow  shows  early  marrow  edema  ( arrow ); 
a  patchy  focus  of  serum  proteins  surrounded  by  normal  marrow.  (B) 
Histologic  section  from  mandibular  condyle  marrow  shows  osteonecro¬ 
sis;  complete  loss  of  hematopoietic  marrow  with  evidence  of  inflamma¬ 


tory  cell  infiltrate.  (C)  Histologic  section  from  femoral  head  marrow 
shows  complete  loss  of  hematopoietic  marrow  (avascular  necrosis) 
(hematoxylin  eosin;  original  magnification  x  50).  (A,  B)  reproduced 
with  permission  from  Larheim  et  al.  (1999) 


6.4  Bone  Marrow  Abnormalities 
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Fig.  6  .33  Osteonecrosis,  anterior  disc 
displacement,  apparently  normal  cortical 
bone.  (A)  Oblique  sagittal  MRI  shows 
anteriorly  displaced,  deformed  disc  (arrow) 
and  normal  bone;  cortex  and  marrow 
(arrowhead).  (B)  Oblique  sagittal 
T2-weighted  MRI  shows  displaced  disc 
(arrow),  minimal  fluid  in  the  upper  and  lower 
compartment,  and  normal,  low  signal  from 
bone  marrow  (arrowhead). 

(C)  Histologic  section  of  the  same  patient 
shows  focus  of  marrow  necrosis;  loss  of 
hematopoietic  elements  (arrowhead)  with 
breakdown  of  marrow  fat  (hematoxylin 
eosin,  original  magnification  x  50). 
Reproduced  with  permission  from  Larheim 
et  al.  (1999) 


Fig.  6.34  Osteonecrosis,  anterior  disc  displacement,  osteoarthritis, 
joint  effusion.  (A)  Oblique  sagittal  MRI  shows  anteriorly  displaced, 
deformed  disc  (arrow)  and  cortical  irregularities  of  the  condyle  with 
reduced  signal  from  condyle  marrow  (arrowhead).  (B)  Oblique  sagittal 
T2-weighted  MRI  shows  effusion  in  the  entire  upper  compartment 


(arrowheads)  and  marrow  sclerosis  or  fibrosis  in  the  condyle,  but  no 
marrow  edema.  Histologic  section  from  condyle  marrow  (not  shown) 
demonstrated  osteonecrosis.  Reproduced  with  permission  from 
Larheim  et  al.  (1999) 
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Fig.  6.35  Osteonecrosis 
(characteristic  MRI  findings),  anterior 
disc  displacement,  osteoarthritis.  (A) 
Oblique  sagittal  open-mouth  MRI 
shows  anteriorly  displaced,  deformed 
disc  (arrow),  condyle  osteophyte,  and 
reduced  signal  in  condyle  marrow 
(arrowhead),  consistent  with  sclerosis 
or  fibrosis.  (B)  Oblique  sagittal 
open-mouth  T2- weighted  MRI  shows 
fluid  in  anterior  recess  of  the  upper 
compartment  above  the  disc  (arrow) 
and  characteristic  MRI  findings  of 
osteonecrosis:  both  increased  signal  in 
condyle  marrow;  marrow  edema  and 
reduced  signal  in  condyle  marrow; 
marrow  sclerosis  or  fibrosis 
(arrowhead).  (C)  Histologic  section  of 
condyle  marrow  shows  complete  loss 
of  hematopoietic  marrow,  with 
evidence  of  inflammatory  cell  infiltrate 
(hematoxylin  eosin;  original 
magnification  x  50).  (D)  Histologic 
section  of  condyle  marrow  shows 
irreversible  changes:  marked  increase 
of  reticulin  fiber  deposition  (reticulin 
fiber  stain;  original 

magnification  x  50).  Reproduced  with 
permission  from  Larheim  et  al.  (1999) 


6.5  Arthritides 


237 


6.5  Arthritides 

Figs.  6.36,  6.37,  6.38,  6.39,  6.40,  6.41,  6.42,  and  6.43 

6.5.1  Definition 

Inflammation  of  the  synovial  membrane  characterized  by 
edema,  cellular  accumulation,  and  synovial  proliferation 
(villous  formation). 

6.5.2  Clinical  Features 

-  A  wide  range  of  conditions  of  which  rheumatoid  arthritis, 
followed  by  ankylosing  spondylitis  and  psoriatic  arthrop¬ 
athy,  is  the  most  frequent 

-  Swelling  of  joint  area,  not  frequently  seen  in  TMJ 

-  Pain  (in  active  disease)  from  joints 

-  Restricted  mouth-opening  capacity 

-  Morning  stiffness,  in  particular  stiff  neck 

-  Dental  occlusion  problems;  “my  bite  doesn’t  fit” 

-  Anterior  bite  opening,  contact  only  on  molars  at  closed 
mouth 


-  Crepitation  due  to  secondary  osteoarthritis 

-  Symptoms  may  be  similar  to  those  of  common  TMJ 
disorders 

-  Clicking  sounds  uncommon  but  may  occur  in  a  rheumatic 
joint 

6.5.3  Imaging  Features 

-  Cortical  punched-out  erosions 

-  Abnormal  disc;  flattened,  elongated,  and  perforated 

-  Disc  fragments  or  completely  destroyed  disc  may  be  found 

-  Usually  the  (abnormal)  disc  is  normally  located  but  may 
be  displaced 

-  Active  disease:  marrow  edema  and/or  joint  effusion 

-  Active  disease:  enhancement  of  the  synovial  membrane, 
pannus  after  intravenous  contrast  injection 

-  Secondary  osteoarthritis,  usually  in  long-standing  disease 

-  Fibro-osseous  ankylosis  may  be  “end  stage”  of  inflamma¬ 
tory  disease 

-  No  principal  difference  in  TMJ  imaging  signs  of  rheuma¬ 
toid  arthritis,  ankylosing  spondylitis,  or  psoriatic 
arthropathy 


Fig.  6.36  Rheumatoid  arthritis.  (A)  Clinical  photograph  shows  swell¬ 
ing  over  joint  area  (arrow).  (B)  Dental  occlusion  does  not  fit  properly 
(arrowhead).  (C)  Oblique  sagittal  conventional  tomography  1  year  pre¬ 
viously  showed  normal  position  of  the  condyle  in  the  fossa  and  normal 


bone;  note  in  particular  the  eminence  (arrow).  (D)  Corresponding 
tomography  now  shows  the  condyle  displaced  anteriorly  (probably  due 
to  joint  effusion)  and  erosion  in  articular  eminence  (arrow) 
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Fig.  6.37  Rheumatoid  arthritis.  (A)  Oblique  sagittal  MRI  shows  com¬ 
pletely  destroyed  disc  (arrow)  replaced  by  fibrous  or  vascular  pannus 
and  cortical  punched-out  erosion  with  (low-signal)  sclerosis  (shown  by 
CT)  in  the  condyle.  (B)  Autopsy  specimen  shows  no  disc  structure  but 


pannus  and  erosion  in  the  condyle  (arrow)  from  the  patient  with  known 
long-standing  rheumatoid  arthritis  (B  reproduced  with  permission  from 
Westesson  et  al.  2003) 


Fig.  6.38  Rheumatoid 
arthritis.  (A)  Oblique  sagittal 
T1 -weighted  pre-Gd  and  (B) 
oblique  sagittal  T1  -weighted 
post-Gd  MRI  show  contrast 
enhancement  of  pannus  that 
has  replaced  disc  structure 
(arrow)  and  cortical  erosions 
in  the  condyle  and  temporal 
bone.  Note  contrast 
enhancement  also  in  the 
condyle 


Fig.  6  .39  Ankylosing  spondylitis.  (A)  Oblique  sagittal  Tl-weighted  trast  enhancement  in  the  upper  and  lower  compartment  and  in  condyle 
pre-Gd  and  (B)  oblique  sagittal  Tl-weighted  post-Gd  MRI  show  corti-  marrow  (asterisk).  (C)  Oblique  sagittal  T2-weighted  MRI  shows  bone 
cal  erosion;  deformed,  thin  disc  in  normal  position  ( arrow );  and  con-  marrow  edema  in  the  entire  condyle  (asterisk) 


6.5  Arthritides 
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Fig.  6.40  Psoriatic 
arthropathy.  (A)  Oblique 
coronal  and  (C)  oblique 
sagittal  CT  images  show 
punched-out  erosion  in  lateral 
part  of  the  condyle  (arrow). 
(B)  Oblique  coronal  and  (D) 
oblique  sagittal  CT  images  of 
contralateral  joint  show 
normal  bone 


Fig.  6.41  Psoriatic 
arthropathy  (same  patient  as 
in  Fig.  6.40).  (A)  Direct 
sagittal  CT  image  shows 
punched-out  erosion  (arrow). 
(B)  Oblique  sagittal 
T1 -weighted  pre-Gd  and  (C) 
oblique  sagittal  T1 -weighted 
post-Gd  MRI  show  contrast 
enhancement  within  bone 
erosion  (arrow)  and  in  joint 
space,  consistent  with 
thickened  synovium/pannus 
formation.  (D)  Oblique 
sagittal  open-mouth  MRI 
shows  reduced  condylar 
translation  and  normally 
located  disc  (bone  normal  in 
this  section) 
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Fig.  6.42  Rheumatoid  arthritis,  disc  displacement  of  the  right  (A,  B,  C) 
and  left  (D,  E,  F)  joint.  (A)  Oblique  sagittal  T2-weighted  MRI  shows  effu¬ 
sion  in  anterior  recess  of  the  upper  compartment  (arrowhead).  (B)  Oblique 
sagittal  T1 -weighted  pre-Gd  and  (C)  oblique  sagittal  T1 -weighted  post-Gd 
MRI  show  anteriorly  displaced  disc  (arrow)  and  contrast  enhancement  in 
peripheral  rim  of  effusion  (arrowhead)  and  in  posterior  attachment,  consis¬ 


tent  with  thickened  synovium.  Secondary  osteoarthritis.  (D)  Oblique  sagit¬ 
tal  T2- weighted  MRI  shows  no  fluid.  (E)  Oblique  sagittal  T1 -weighted 
pre-Gd  and  (F)  oblique  sagittal  T1 -weighted  post-Gd  MRI  show  anteriorly 
displaced  disc  (arrow)  and  slight  contrast  enhancement  in  joint  space  above 
the  condyle  (arrowhead),  consistent  with  thickened  synovium.  Secondary 
osteoarthritis 


Fig.  6.43  Inflammatory  arthritis;  patient  without  known  generalized 
joint  disease.  (A)  Axial  CT  image  shows  severe  destruction  in  mandibu¬ 
lar  condyle  (arrow).  (B)  Oblique  sagittal  CT  image  and  axial  CT  image 
(with  cursor  line )  show  destruction  of  the  entire  condyle  (arrow).  (C) 
Oblique  sagittal  T1 -weighted  pre-Gd  and  (D)  oblique  sagittal 
T1 -weighted  post-Gd  MRI  show  contrast  enhancement,  particularly  in 
the  upper  compartment  and  in  the  condyle  (arrow),  and  thin,  elongated 
disc,  apparently  in  normal  position.  (E)  Oblique  sagittal  (post-Gd) 
open-mouth  MRI  shows  increased  signal  from  condyle  marrow  (arrow) 


and  increased  signal  from  joint  space  (small  arrowhead).  The  disc  is 
anteriorly  displaced  and  deformed  (large  arrowhead).  (F)  Coronal 
STIR  image  shows  marrow  edema  or  vascular  pannus  in  the  condyle 
and  vascular  pannus  in  joint  space,  particularly  in  lateral  region  (arrow). 
Surgery  (by  Dr.  T.  Bjprnland,  Oslo  University  Hospital,  Rikshospitalet, 
Oslo,  Norway)  confirmed  severe  condyle  destruction  and  inflammatory 
pannus  within  and  around  the  condyle,  particularly  in  lateral  part  of 
joint  (patient  was  referred  for  rheumatologic  evaluation  due  to  family 
history  of  rheumatic  disease,  but  had  no  symptoms  from  other  joints) 


6.6  Juvenile  Idiopathic  Arthritis 


241 


Fig.  6.43  (continued) 


6.6  Juvenile  Idiopathic  Arthritis 

Figs.  6.44,  6.45,  6.46,  6.47,  6.48  and  6.49.  Figs.  6.50,  and 
6.51  illustrate  juvenile  osteoarthritis  (arthrosis  deformans 
juvenilis) 

6.6.1  Definition 

Swelling  within  a  joint,  or  limitation  in  the  range  of  joint 
movement  with  joint  pain  or  tenderness,  which  persists  for  at 
least  6  weeks,  is  observed  by  a  physician  and  is  not  due  to 
primarily  mechanical  disorders  or  to  other  identifiable  causes 
(Petty  et  al.  2004). 

6.6.2  Clinical  Features 

-  Juvenile  arthritis  differs  in  many  respects  from  rheuma¬ 
toid  arthritis  in  adults 

-  Heterogeneous  disease  with  different  subgroup 
classifications 

-  Rheumatoid  factor  seropositivity  not  common 

-  Two  peaks  of  onset,  between  1  and  3  years  of  age  and 
around  9  years  of  age 


-  More  girls  than  boys 

-  Large  joints  (knees,  wrists,  and  ankles)  more  prominently 
involved  than  small  peripheral  joints 

-  Bony  ankylosis  in  cervical  spine  characteristic 

-  Underdeveloped  mandible,  micrognathia,  characteristic 

-  Restricted  mouth-opening  capacity 

-  Pain  from  TMJs  not  so  common 

6.6.3  Imaging  Features 

-  Bony  joint  components  abnormal,  frequently  without  cor¬ 
tical  erosions 

-  Flat  fossa,  underdeveloped  eminence 

-  Condyle  deformed:  short,  thick,  flat,  bifid 

-  Condyle  located  anteriorly  in  fossa  at  closed  mouth 

-  Restricted  condylar  translation  at  opened  mouth 

-  Soft-tissue  abnormalities:  flat,  thin,  elongated,  or 
destroyed  disc 

-  Active  disease:  bone  marrow  edema  and/or  joint  effusion 

-  Active  disease:  enhancement  of  the  synovial  membrane, 
pannus  after  intravenous  contrast  injection 

-  Secondary  remodeling,  osteoarthritis 
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Fig.  6.44  Juvenile  idiopathic  arthritis,  micrognathia;  13-year-old 
female.  (A)  Lateral  view,  soft-tissue  profile,  and  (B)  lateral  view,  bone 
profile,  show  micrognathia  (retruded  chin).  (C)  Axial  CT  image  shows 
abnormal  long  axis  angulation  of  both  condyles  ( arrows )  and  very  thin 


condyles.  (D,  E)  Oblique  sagittal  CT  images  of  right  (D)  and  left  (E) 
joints  show  almost  flat  eminence  and  rudimentary  condyle  (arrow) 
anteriorly  located  in  fossa,  almost  at  apex  of  eminence,  in  closed-mouth 
images  (these  could  be  mistaken  for  open-mouth  images) 


Fig.  6.45  Juvenile  idiopathic  arthritis,  facial  asymmetry;  17-year-old 
female.  (A)  Panoramic  view  shows  jaw  asymmetry;  underdevelopment 
of  the  right  side  with  antegonial  notching  (arrowhead)  and  small,  flat¬ 
tened  condyle  (arrow).  (B)  Lateral  view,  soft-tissue  profile,  and  (C) 
lateral  view,  bone  profile,  show  rather  normal  profile  despite  evidently 


asymmetric  mandible.  (D)  Axial  CT  image  shows  very  thin  right  con¬ 
dyle  with  abnormal  angulation  of  long  axis  (arrow)  (similar  to 
Fig.  6.44C)  and  normal  left  condyle.  (E)  Oblique  sagittal  CT  image  of 
the  right  joint  shows  almost  flat  fossa/eminence  and  hypoplastic  con¬ 
dyle  (arrow).  (F)  Oblique  sagittal  CT  image  of  normal  left  joint 


6.6  Juvenile  Idiopathic  Arthritis 
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Fig.  6.45  (continued) 


Fig.  6.46  Juvenile  idiopathic  arthritis;  14-year-old  female. 
Conventional  tomography  at  baseline  (A,  B)  and  at  4-month  follow-up 
(C,  D),  with  supplementary  MRI  at  follow-up  (E,  F).  (A,  C)  Oblique 
sagittal  tomography  shows  flattening/resorption  of  the  condyle  (< arrow¬ 
head )  during  the  4-month  period  (with  high  disease  activity)  compared 
to  normal  contralateral  joint  (B,  D).  (E)  Oblique  sagittal  T1 -weighted 


MRI  shows  normally  positioned  disc  (arrow),  elongated  and  with  cen¬ 
tral  perforation;  flat,  deformed  condyle  with  lack  of  cortical  outline; 
and  reduced  signal  from  condyle  marrow  (arrowhead).  (F)  Oblique 
sagittal  T2-weighted  MRI  shows  extensive  effusion  in  the  upper  and 
lower  compartments  (vertical  arrowheads)  and  bone  marrow  edema  in 
the  condyle  (horizontal  arrowhead) 
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Fig.  6.47  Juvenile  idiopathic  arthritis; 
12-year-old  female  with  no  history  of 
generalized  joint  disease.  (A) 

Panoramic  view  shows  flattened 
condyles  bilaterally  (arrows).  (B) 
Lateral  view  shows  anterior  bite 
opening  at  orthodontic  consultation. 

(C)  Oblique  coronal  and  oblique 
sagittal  CT  images  of  the  right  joint 
(similar  changes  in  the  left  joint)  show 
deformed  condyle  (flat,  short,  and  small 
in  mediolateral  direction)  ( left  image ) 
and  condyle  located  at  eminence  at 
closed  mouth,  with  abnormal  flat  fossa 
( right  image).  Axial  CT  image  with 
cursor  lines  shows  abnormal  angulation 
of  condylar  long  axis,  which  may 
partially  explain  the  small  condylar 
mediolateral  dimension.  (D,  E)  Oblique 
sagittal  T1 -weighted  pre-Gd  and  (F) 
oblique  sagittal  T1  -weighted  post-Gd 
MRI  of  the  left  joint  (similar  changes  in 
the  right  joint)  show  normally 
positioned  disc  (arrow)  and  contrast 
enhancement  around  the  disc  in  the 
upper  and  lower  joint  compartment, 
consistent  with  thickened  synovium. 
The  patient  was  then  referred  for 
rheumatologic  examination  which 
confirmed  diagnosis  of  generalized 
juvenile  idiopathic  arthritis 


6.6  Juvenile  Idiopathic  Arthritis 
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Fig.  6.48  Juvenile  idiopathic  arthritis;  17-year-old  female  with  con¬ 
trast  enhancement  (synovitis)  (A-C)  and  10-year-old  female  without 
contrast  enhancement  (D-F).  (A)  Ultrasonography  shows  increased 
capsule  width  (distance  measured  to  4.3  mm).  (B)  Oblique  sagittal  and 
(C)  oblique  coronal  T1 -weighted  post-Gd  MRI  show  extensive  contrast 


enhancement  (synovitis)  {arrows)  (A,  B,  C  reproduced  with  permission 
from  Kirkhus  et  al.  2016a).  (D)  Ultrasonography  shows  normal  capsule 
width  (distance  measured  to  0.6  mm).  (E)  Oblique  sagittal  and 
(F)  oblique  coronal  T1 -weighted  post-Gd  MRI  show  no  contrast 
enhancement  (no  synovitis) 


Fig.  6.49  Juvenile  idiopathic  arthritis  and  disc  displacement;  15-year- 
old  female  with  contrast  enhancement  (synovitis).  (A)  Oblique  sagittal 
T1 -weighted  pre-Gd  and  (B)  oblique  sagittal  T1  -weighted  post-Gd 
MRI  show  contrast  enhancement  in  the  upper  and  lower  joint  compart¬ 


ments  {arrowheads)  and  anteriorly  displaced  disc  {arrow).  (C)  Oblique 
sagittal  open-mouth  MRI  shows  anteriorly  displaced  disc  {arrow)  and 
reduced  condylar  translation  (reproduced  with  permission  from 
Kirkhus  et  al.  2016b) 
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Fig.  6.50  Juvenile  osteoarthritis;  18-year-old  female.  (A)  Panoramic 
view  shows  jaw  asymmetry  with  flattened  left  condyle  (arrow).  (B) 
Oblique  sagittal  CT  image  of  the  right  joint  shows  condylar  erosion 
(arrowhead).  (C)  Oblique  sagittal  CT  image  of  the  left  joint  shows 


hypoplastic  and  flattened  condyle  with  osteophyte  (arrow).  (D)  Closed- 
mouth  and  (E)  open-mouth  oblique  sagittal  PD-weighted  MRI  of  the 
right  joint  show  anteriorly  displaced  disc  (arrow).  Similar  disc  abnor¬ 
malities  seen  in  the  left  joint  (not  shown) 


6.7  Ankyloses 
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Fig.  6.51  Juvenile  osteoarthritis;  21 -year-old  female  with  long  history 
of  discomfort  with  dental  occlusion  (open  bite).  (A)  Axial  CT  (with 
cursor  lines),  (B)  oblique  sagittal  CT  of  the  left  joint,  and  (C)  oblique 
sagittal  CT  of  the  right  joint  show  remodeled  condyles  (flattened  with 
posterior  bone  apposition)  (arrow).  (D)  Oblique  sagittal  closed-mouth 


6.7  Ankyloses 

Figs.  6.52,  6.53,  6.54,  6.55,  and  6.56 

6.7.1  Definition 

Fibrous  or  bony  union  between  joint  components. 

6.7.2  Clinical  Features 

-  Severely  limited  mouth-opening  capacity,  gradually 

-  Usually  no  pain 

-  No  joint  sounds 


Tl-weigted  post-Gd  MRI  and  (E)  oblique  sagittal  open-mouth  MRI  of 
the  left  joint  show  anteriorly  displaced  disc  (arrow).  Similar  finding 
seen  in  the  right  joint  (not  shown).  At  2-year  follow-up,  (F)  lateral  view 
shows  open  bite,  and  (G)  panoramic  view  shows  flattened  condyles. 
Orthognathic  surgery  was  then  performed 


-  Secondary  to  arthritides,  in  particularly  ankylosis  spondylitis 

-  Secondary  to  trauma,  fracture 

-  Idiopathic 

6.7.3  Imaging  Features 

-  Fibrous  ankylosis;  joint  space  visible 

-  Bony  ankylosis;  no  joint  space  (at  least  in  parts  of  the 
joint)  visible 

-  Joint  space  better  seen  on  CT  than  on  MRI 

-  No  clear  definition  of  any  joint  structures 

-  No  joint  effusion  or  contrast  enhancement 

-  No  or  very  limited  condylar  translation  at  (very)  restricted 
mouth-opening  capacity 
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Fig.  6.52  Ankylosis  of  the  right  (A,  B,  C)  and  left  (D,  E)  joints.  (A) 
Oblique  sagittal  T1  -weighted  MRI  shows  no  delineation  of  the  disc, 
fossa,  or  condyle  (arrow).  (B)  Oblique  coronal  T1 -weighted  MRI  con¬ 
firms  loss  of  structures  (arrow).  (C)  Oblique  coronal  T2- weighted  MRI 
shows  no  structures  or  effusion  (arrow).  (D)  Oblique  sagittal 


T1 -weighted  MRI  shows  poor  delineation  of  structures  (arrow).  (E) 
Oblique  sagittal  T2-weighted  MRI  shows  no  structures  or  effusion 
(arrow).  Condylar  translation  is  absent  in  open-mouth  images  (A,  D). 
Fibrous  or  osseous  union  cannot  be  determined 


Fig.  6  .53  Fibro-osseous  ankylosis;  53-year-old  male  with  psoriatic 
arthritis.  (A)  Axial  CT  image,  (B)  oblique  sagittal  CT  image  of  the  right 
joint,  (C)  oblique  coronal  CT  image  of  the  right  joint,  and  (D)  oblique 
coronal  CT  image  of  the  left  joint  show  irregularities  of  joint  surfaces  in 
both  joints  but  somewhat  more  evident  joint  space  in  the  right  joint  than 


in  the  left  joint  (arrow).  (E,  F,  G)  Oblique  sagittal  CT  images  of  lateral, 
central,  and  medial  parts  of  the  left  joint  show  irregular  articular  sur¬ 
faces  of  the  condyle  and  temporal  bone  with  no  evident  joint  space  in 
some  places 


6.7  Ankyloses 
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Fig.  6.54  Fibrous  ankylosis.  (A)  Oblique  coronal  CT  image  shows  severe  tralateral  joint  for  comparison.  (B)  Oblique  sagittal  T2-weighted  MRI 
cortical  irregularities,  particularly  in  mandibular  condyle,  but  evident  joint  shows  no  joint  structures  or  effusion  (arrow).  (C)  Oblique  sagittal 
space  through  the  entire  joint  (arrow).  Oblique  coronal  CT  of  normal  con-  Tl-weighted  post-Gd  MRI  shows  no  contrast  enhancement  (arrow) 
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Fig.  6.55  Bony  ankylosis;  patient  with  ankylosing  spondylitis. 
Oblique  coronal  CT  image  shows  bony  union  in  lateral  part  of 
the  joint  (arrow).  Axial  CT  shows  cursor  line  for  coronal  image 


Fig.  6.56  Ankylosis  treated  with  total  joint  prosthesis  (Lorenz). 
Panoramic  view  shows  prosthesis  (arrow),  consisting  of  artificial 
fossa  (fixed  with  six  titanium  screws  in  temporal  bone)  and 
artificial  condylar  process  (fixed  with  seven  titanium  screws  to 
mandibular  ramus)  (courtesy  of  Dr.  G.  Stpre,  Oslo  University 
Hospital,  Rikshospitalet,  Oslo,  Norway) 


6.8  Condylar  Growth  Disturbances  (Anomalies) 
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6.8  Condylar  Growth  Disturbances 
(Anomalies) 

Figs.  6.57,  6.58,  6.59,  6.60,  6.61,  and  6.62 

6.8.1  Definition 

Abnormal  growth  of  mandibular  condyle;  overgrowth, 
undergrowth,  or  bifid  appearance. 

6.8.2  Clinical  Features 


6.8.3  Imaging  Features 

-  Unilateral  hyperplastic  condyle 

-  Usually  not  enlarged  in  mediolateral  direction 

-  Normal  bone  structure 

-  Normal  disc  position 

-  Hypoplastic  condyle,  unilaterally  or  bilaterally 

-  Normal  disc  position  or  anterior  disc  displacement 

-  Condyle  remodeling  (flattened,  deformed) 

-  Arthrosis  deformans  juvenilis  (juvenile  osteoarthritis), 
see  figs.  6.50  and  6.51 

-  Bifid  or  split  condyle 


-  Facial  (mandibular)  asymmetry 

-  Mandibular  overgrowth 

-  Mandibular  undergrowth 


Fig.  6  .57  Condylar 
hyperplasia  and  facial 
asymmetry;  23 -year-old 
female.  (A)  Facial  (front) 
view  shows  jaw  asymmetry 
due  to  unilateral  mandibular 
overgrowth  ( right  side). 

(B)  Oblique  coronal  and 

(D)  oblique  sagittal  CT 
images  show  mandibular 
condyle  (asterisk)  with 
abnormal  shape  and  size, 
enlarged  but  not  in 
mediolateral  dimension,  and 
widened  fossa  in 
anteroposterior  dimension. 

(C)  Oblique  coronal  and 

(E)  oblique  sagittal  CT 
images  show  normal 
contralateral  joint.  Panoramic 
view  of  this  patient  is  shown 
in  Fig.  9.6 
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Fig.  6.58  Condylar  hyperplasia;  22-year-old  female.  (A)  Panoramic 
view  shows  hyperplastic  right  condyle  (arrow).  (B)  Facial  (front )  view 
shows  facial  asymmetry  with  more  growth  on  the  right  side.  (C)  Axial 
and  (D)  oblique  sagittal  CT  images  of  the  right  joint  and  (E)  axial  and 
(F)  oblique  sagittal  CT  images  of  the  left  joint  show  right- sided  condy¬ 


lar  hyperplasia.  (G)  Oblique  coronal  T1 -weighted  MRI  of  the  right  joint 
and  (H)  oblique  coronal  T1  -weighted  MRI  of  the  left  joint  confirm 
right-sided  condylar  hyperplasia  (arrow).  (I)  Oblique  sagittal  MRI  of 
the  right  joint  shows  anteriorly  displaced  disc  (arrow) 


6.8  Condylar  Growth  Disturbances  (Anomalies) 
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Fig.  6.59  Condylar  hypoplasia  and 
facial  asymmetry  (underdeveloped 
right  side)  of  a  12-year-old  female 
with  4-year  history  of  trauma,  but  no 
confirmed  fracture.  (A,  C)  Oblique 
sagittal  MRI  shows  abnormal  right 
joint  with  displaced  disc  (arrow),  also 
in  open-mouth  image  (C).  Condyle  is 
deformed,  flat,  and  enlarged  in 
anteroposterior  direction,  and  fossa  is 
flattened.  (B,  D)  Oblique  sagittal  MRI 
of  the  left  joint  shows  normal  bone 
and  normal  disc  position  (arrow),  also 
in  open-mouth  image  (D).  Same 
patient  is  also  shown  in  Fig.  8.22 


Fig.  6.60  Condylar  hypoplasia  and 
facial  asymmetry  without  history  of 
trauma.  (A)  Clinical  photograph  shows 
mandible  deviating  to  the  patient’s  left 
side.  (B,  D)  Oblique  sagittal  MRI  of  the 
right  joint  shows  normal  disc  (arrow) 
and  normal  bone,  also  in  open-mouth 
image  (D).  (C,  E)  Oblique  sagittal  MRI 
of  the  left  joint  shows  anteriorly 
displaced  disc  (arrow),  also  in  open- 
mouth  image  (E).  The  left  condyle  is 
small  but  otherwise  normal,  and 
translation  is  restricted  compared  to  the 
right  joint  (courtesy  of  Drs.  A.  Isberg 
and  R  E.  Legrell,  Umea  University, 
Sweden) 
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Fig.  6.61  Bifid  condyle;  unilateral.  (A)  Panoramic  view  shows  abnormal  left  condyle  (arrow)  as  an  incidental  finding.  (B)  Oblique  coronal  CT 
image  shows  split  condyle  (arrow)  but  otherwise  normal  bone  structure 


Fig.  6.62  Bifid  condyle, 
bilateral;  18-year-old  female. 
(A)  Oblique  sagittal  and  (B) 
oblique  coronal  CT  images  of 
the  right  joint  show  bifid 
condyle  (arrow).  (C)  Oblique 
sagittal  STIR  MRI  and  (D) 
oblique  coronal  T1 -weighted 
MRI  confirm  bifidity  and 
additionally  show  normal  disc 
with  posterior  band  superior 
to  the  condyle  (asterisk).  (E) 
Oblique  sagittal  and  (F) 
oblique  coronal  CT  images  of 
the  left  joint  show  bifid 
condyle  (arrow).  (G,  H)  MR 
images  corresponding  to 
those  in  (C)  and  (D)  confirm 
bifidity  and  additionally  show 
normal  disc 


6.10  Calcium  Pyrophosphate  Dehydrate  Crystal  Deposition  Disease  (Pseudogout) 
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6.9  Inflammatory  or  Tumorlike 
Conditions 

Pseudogout,  pigmented  villonodular  synovitis,  simple  bone 
cyst,  synovial  cyst,  and  synovial  chondromatosis  are 
illustrated 


6.1 0  Calcium  Pyrophosphate  Dehydrate 
Crystal  Deposition  Disease 
(Pseudogout) 

Figs.  6.63  and  6.64 


6.10.2  Clinical  Features 

-  Joint  pain  and  swelling 

-  Symptoms  may  be  similar  to  those  of  common  TMJ 
disorders 

6.10.3  Imaging  Features 

-  Calcifications  within  joint  space 

-  Subtle  or  massive  calcifications 

-  Both  the  condyle  and  glenoid  fossa  may  be  eroded  and 
actually  simulate  malignancy 


6.10.1  Definition 

Gout- like  joint  inflammation  with  subtle  or  severe  calcium 
crystal  deposits  (chondrocalcinosis),  not  uric  acid  as  in  gout. 


Fig.  6.63  Pseudogout.  (A)  Coronal  and  (B)  axial  CT  images  show 
subtle  calcifications  within  joint  space  ( arrows )  consistent  with  early 
stage 


Fig.  6.64  Pseudogout.  (A)  Axial  and  (B)  coronal  CT  images  show  extensive  calcifications  (arrow)  consistent  with  advanced  stage 
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6.1 1  Pigmented  Villonodular  Synovitis 

Fig.  6.65 

6.11.1  Definition 


6.11.2  Clinical  Features 

-  Joint  swelling  and  swelling,  but  symptoms  may  be 
vague. 

-  Symptoms  may  be  similar  to  those  of  common  TMJ 
disorders. 


Joint  inflammation,  or  benign  neoplastic  process,  characterized 
by  synovial  proliferation,  joint  effusion,  hemosiderin  deposi¬ 
tion,  histiocytes,  giant  cells,  and,  occasionally,  bone  erosions. 


Fig.  6.65  Pigmented  villonodular  synovitis.  Coronal  T1 -weighted 
MRI  shows  large  mass  of  very  low  signal  (arrow),  penetrating  skull 
base  (arrowhead).  Very  low  signal  also  characteristic  on  T2- weighted 
and  post-Gd  MRI  (not  shown)  (courtesy  of  Dr.  T.  Larsson,  Seattle, 
Washington) 


6.11.3  Imaging  Features 

-  The  condyle  may  show  erosions 

-  Glenoid  fossa  may  show  erosions,  with  intracranial 
extension 

-  Periarticular  soft- tissue  density  may  be  seen 

-  T1 -weighted  and  T2- weighted  MRI  shows  characteristic 
(almost  pathognomonic)  low  signal  because  of  hemor¬ 
rhage  by-products 


6.1 2  Simple  (Traumatic)  Bone  Cyst 

Fig.  6.66 
See  Chap.  2. 

6.12.1  Definition 

Cavity  within  the  bone,  empty  or  partially  filled  with  san¬ 
guineous  fluid,  without  epithelial  lining,  with  or  without 
expansion  of  the  bone. 


Fig.  6.66  Traumatic  bone 
cyst.  (A)  MRI  shows  enlarged 
mandibular  condyle  (arrow), 
with  normal  disc  and 
temporal  bone.  (B)  Coronal 
CT  image  shows  enlarged 
condyle  with  intact  cortical 
bone  (arrow) 


6.13  Synovial  Cyst 
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6.13  Synovial  Cyst 

Fig.  6.67 

6.13.1  Definition 

Para-articular  fluid-filled  sacs  or  pouch-like  structures  con¬ 
taining  fluid  and  lined  by  the  synovial  membrane. 


-  Can  occur  around  any  joint  in  the  body,  also  around  ten¬ 
don  sheaths  and  bursae 

6.13.3  Imaging  Features 

-  Like  a  cyst  anywhere 


6.13.2  Clinical  Features 

-  Seldom  in  the  TMJ,  incidental  finding  or  with  pain, 
swelling 


Fig.  6.67  Synovial  cysts;  57-year-old  female  (A,  B,  C)  and  50-year- 
old  female  (D,  E,  F).  (A)  Oblique  sagittal  PD-weighted  MRI  shows 
well-defined  lesion  with  intermediate  signal  intensity  (arrow).  (B,  C) 
Axial  T2-weighted  MRI  shows  well-defined  lesion  with  high,  homoge¬ 


neous  signal  intensity  (arrow).  (D)  Oblique  coronal  and  (E)  axial 
T2-weighted  MRI  show  well-defined  high,  homogeneous  signal  inten¬ 
sity  area  (arrow).  (F)  Axial  T1 -weighted  post-Gd  MRI  shows  no  con¬ 
trast  enhancement  except  in  thin  peripheral  rim  (arrow) 
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6.1 4  Synovial  Chondromatosis 

Figs.  6.68,  6.69,  6.70,  and  6.71 

Synonyms:  Synovial  osteochondromatosis,  synovial 

chondrometaplasia. 

6.14.1  Definition 

Benign  tumor  characterized  by  cartilaginous  metaplasia  of 
the  synovial  membrane,  usually  in  the  knee,  producing  small 
nodules  of  cartilage,  which  essentially  separate  from  the 
membrane  to  become  loose  bodies  that  may  ossify. 


-  Dental  occlusion  problems;  “my  bite  doesn’t  fit” 

-  Symptoms  may  be  similar  to  those  of  common  TMJ 
disorders 

6.14.3  Imaging  Features 

-  Cartilage  nodules  and  Calcifications  within  joint  space 

-  Large  or  small  calcifications,  usually  multiple 

-  Joint  effusion,  synovitis 

-  Condyle  normal  or  osteoarthritis 

-  May  be  locally  aggressive  with  destruction  of  fossa 

-  Intracranial  extension  has  been  reported 


6.14.2  Clinical  Features 

-  Joint  pain  and  swelling,  but  symptoms  may  be  vague. 

-  Facial  asymmetry 


Fig.  6.68  Synovial  chondromatosis.  (A,  B,  C)  Oblique  sagittal  CT  from  an  examination  4  years  previously  do  not  show  calcifications 
images  show  multiple  soft-tissue  calcifications  ( arrows )  anterior,  poste-  when  patient  was  referred  for  TMJ  disorder 

rior,  and  lateral  to  the  condyle.  (D,  E)  Four  oblique  sagittal  CT  images 


6.14  Synovial  Chondromatosis 
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Fig.  6.69  Synovial  chondromatosis.  (A)  Clinical  photograph  shows 
facial  asymmetry  and  swelling  over  the  right  joint  (arrow).  (B) 
Panoramic  view  shows  large  calcification  (arrow)  posterior  to  the  con¬ 
dyle.  (C)  Oblique  sagittal  T1 -weighted  MRI  shows  large  structure 
(arrow)  posterior  to  the  condyle,  which  is  normal  but  displaced  anteri¬ 
orly  with  normal  disc  (arrowhead)  at  closed  mouth.  (D)  Oblique  sagit¬ 
tal  T2-weighted  MRI  shows  increased  signal  from  expansive  process 


(arrow)  and  effusion  in  the  upper  joint  space;  arrowhead  condyle.  (E) 
Coronal  CT  image  confirms  calcifications  posterior  to  the  condyle 
(arrow).  (F)  Axial  3D  CT  image  before  surgery  shows  large  calcifica¬ 
tion  (black  arrow)  and  smaller  ones  (white  arrow).  (G)  Axial  3D  CT 
image  after  surgery  for  comparison.  (H)  One  large  and  a  number  of 
smaller  calcifications  were  removed  (H  courtesy  of  Drs.  G.  Stpre  and 
T.  Bjprnland,  Oslo  University  Hospital,  Rikshospitalet,  Oslo,  Norway) 
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Fig.  6.70  Synovial  chondromatosis;  53-year-old  female.  (A)  Clinical 
photograph  shows  swelling  of  the  right  TMJ  {arrow).  (B)  Panoramic 
view  shows  calcifications  in  the  right  TMJ  area  (arrow).  (C)  Coronal 
and  (D,  E)  oblique  sagittal  CT  images  of  the  right  (D)  and  normal  left 
(E)  joint  show  soft-tissue  calcifications  in  the  right  joint  (arrow)  and 
periosteal  reaction  on  the  right  ramus  (arrowhead).  (F)  Axial  CT  image 
shows  several  small  soft- tissue  calcifications  (arrow).  (G,  H)  Axial 
T2- weighted  MRI  shows  multiple  small  low- signal  nodules  (arrow) 


and  joint  effusion  in  the  right  joint  (arrowhead).  (I)  Axial  T1 -weighted 
pre-Gd,  (J)  axial  T1 -weighted  post-Gd,  and  (K)  coronal  T1 -weighted 
fat  sat  post-Gd  MRI  show  contrast  enhancement  in  thin  rim  (synovial 
membrane)  (arrow)  throughout  the  right  joint  consistent  with  synovitis. 
(L,  M)  Oblique  sagittal  T2-weighted  MRI  of  the  right  joint  shows  joint 
effusion  (arrowhead)  and  multiple  low  signal  intensity  nodules  (arrow). 
(N)  Clinical  photograph  confirms  multiple  nodules  (calcified  or  carti¬ 
laginous)  peroperatively 


6.16  Osteochondroma 
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Fig.  6.71  Synovial  chondromatosis.  Oblique  sagittal  CT 
image  shows  destruction  of  fossa  and  slightly  calcified  tissue  in 
joint  space  (arrow).  Surgery  confirmed  destruction  of  fossa  and 
calcified  tissue,  but  no  intracranial  tumor  growth 


6.15  Benign  Tumors 


6.16.2  Clinical  Features 


Osteochondroma,  osteoma,  and  sphenoid  meningioma  are  -  Asymptomatic  (no  pain) 
illustrated  -  Facial,  mandibular  asymmetry 


6.1 6  Osteochondroma 


6.16.3  Imaging  Features 


Fig.  6.72 

Synonym:  Osteocartilaginous  exostosis. 


-  Enlarged  condyle 

-  Irregular  in  cortical  outline  and  internal  structure 

-  Cortical  outline  may  be  smooth 


6.16.1  Definition 

Benign  tumor  characterized  by  normal  bone  and  cartilage, 
near  growth  zones. 


Fig.  6.72  Osteochondroma. 
(A)  Coronal  CT  shows 
enlarged  condyle  with 
irregular  outline  and 
mineralization  (arrow).  (B) 
Oblique  sagittal  T1 -weighted 
and  (C)  oblique  sagittal 
T2-weighted  MRI  show 
heterogeneous  signal  from 
the  condyle  (arrow)  and 
normal  disc  in  normal 
position,  with  minimal  fluid 
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6.17  Osteoma 

Fig.  6.73 
See  Chap.  3 


Fig.  6.73  Osteoma, 
incidental  finding  at  routine 
panoramic  radiography. 

(A)  Panoramic  view  shows 
bone  mass  (arrow)  partially 
superimposed  on  mandibular 
condyle.  (B)  Axial  and  (C,  D) 
coronal  CT  images  show 
bony  outgrowth  (arrow)  of 
medial  aspect  of  the  condyle 


6.18  Sphenoid  Meningioma  6.18.2  Clinical  Features 

Fig.  6.74  -  Restricted  mouth-opening  capacity 

-  No  pain  or  other  symptoms 


6.18.1  Definition 

Benign  brain  tumor  (meninges)  from  greater  wing  of 
sphenoid. 


6.18.3  Imaging  Features 

-  Normal  bone  structures  except  destruction  of  fossa 


Fig.  6.74  Sphenoid 
meningioma;  restricted 
mouth-opening  capacity  as 
only  TMJ  symptom. 

(A)  Oblique  coronal  and 
(C)  oblique  sagittal  CT 
images  show  destruction  of 
fossa  (arrow).  (B)  Oblique 
coronal  and  (D)  oblique 
sagittal  CT  images  of  normal 
contralateral  joint  for 
comparison 


6.19  Malignant  Tumors 
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6.1 9  Malignant  Tumors  Malignant  tumors  rarely  affect  the  TMJ  but  should  never  be 

forgotten  in  the  differential  diagnostics;  two  cases  of  metas- 
Figs.  6.75  and  6.76  tases  are  presented 


Fig.  6.75  Metastatic  osteosarcoma,  mandible;  18-year-old  female 
with  terminal  widespread  osteosarcoma  (2.5-year  history).  (A,  B)  Axial 
CT  images  show  intense  periosteal  bone  production  in  the  ramus 
(arrow)  and  in  the  condyle  (arrow).  (C,  D)  Coronal  CT  images  show 


intense  bone  production  (arrow),  but  no  evident  bone  destruction  in  the 
ramus.  (E)  Axial  CT  image,  soft-tissue  window,  shows  contrast¬ 
enhancing  tumor  surrounding  and  encasing  the  condyle.  Peripheral 
contrast  enhancement  suggests  central  necrosis 
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Fig.  6.76  Metastatic  tumor,  mandible;  70-year-old  male  with  lung 
cancer  spread  and  restricted  mouth-opening  capacity  as  only  TMJ 
symptom.  (A)  Coronal  CT  image  shows  destruction  of  the  ramus  and 


condyle  (arrow).  (B)  Coronal  CT  image,  soft-tissue  window,  shows 
soft-tissue  mass  in  masticator  space  infiltrating  mandible  (arrow) 


6.20  Osteoradionecrosis 

Fig.  6.77 
See  Chap.  5 


Fig.  6.77  Osteoradionecrosis,  mandible.  (A)  Axial  CT  image  shows 
destruction  of  the  condyle  (arrow)  in  one  patient;  also  note  destruction 
in  the  clivus.  (B)  Oblique  sagittal  CT  image  of  mandibular  ramus  of 


another  patient  (with  axial  image  showing  cursor  line  for  sagittal 
image)  shows  destruction  of  coronoid  process  (arrow) 


6.21  Coronoid  Hyperplasia 
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6.21  Coronoid  Hyperplasia 


6.21.3  Imaging  Features 


Enlarged  coronoid  process,  otherwise  normal 
Interfering  with  mouth  opening;  coronoid  process  is  not 
allowed  to  move  freely 

Enlarged  coronoid  process,  unilaterally  or  bilaterally 
(1  cm  above  zygomatic  arch  has  been  mentioned  as  a 
definition). 


Fig.  6.78 

6.21.1  Definition 


6.21.2  Clinical  Features 

-  Restricted  mouth-opening  capacity  over  time 

-  No  pain 


Fig.  6.78  Coronoid  hyperplasia.  (A)  Closed-mouth  and  (B)  open-mouth  3D  CT  images  show  enlarged  coronoid  process  (arrow),  not  allowing 
normal  motion  of  mandible.  See  also  Fig.  9.33c 
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Abstract 

This  chapter  illustrates  mandibular  wisdom  tooth  anatomy/pathology  and  relationship  to 
the  mandibular  canal,  maxillary  lateral  incisor  anatomy  and  relationship  to  neighboring 
teeth,  apical  periodontitis  and  periodontal  disease,  preoperative  and  postoperative  implant 
imaging,  and  imaging  of  implant  complications. 


7.1  Introduction 

Intraoral  or  panoramic  radiography  is  the  mainstay  of  imag¬ 
ing  teeth  and  surrounding  structures  such  as  lamina  dura  and 
alveolar  bone.  However,  advanced  imaging  in  particular  CT 
may  be  a  supplementary  diagnostic  tool  in  selected  cases. 
With  multidetector  CT  scanners,  virtually  any  desired  high- 
quality  section  may  be  obtained. 

In  this  short  chapter,  we  present  patients  to  illustrate  the 
potential  of  CT  for  imaging  dentoalveolar  structures,  with 
focus  on  the  mandibular  wisdom  tooth  and  the  maxillary 
canine,  impaction,  pathology,  and  relation  to  neighboring 
structures.  Also  the  diagnostic  value  of  CT  for  assessing 
periodontal  and  disease  is  illustrated. 

CT  has  in  particular  proved  valuable  in  the  evaluation  of 
the  dental  implant  patient,  to  measure  edentulous  alveolar 


process  dimensions  preoperatively.  Dental  CT  reformatting 
programs  have  been  available  since  the  late  1980s.  Also 
complications  to  dental  implant  treatment  may  be  visualized 
by  CT.  Patient  dose  can  be  significantly  lowered  when  imag¬ 
ing  dentoalveolar  hard  tissues  by  lowering  mAs,  compared 
to  the  standard  maxillofacial  CT. 

In  recent  years  cone  beam  computed  tomography  (CBCT) 
scanners  have  become  increasingly  more  available.  They 
have  replaced  conventional  CT  scanners  for  dentoalveolar 
diagnostics  (see  Chap.  15). 


7.2  Tooth  Anatomy,  Tooth  Pathology, 
and  Adjacent  Structures 

Figs.  7.1,  7.2,  7.3,  7.4,  7.5,  7.6,  7.7,  7.8,  7.9,  and  7.10. 


Fig.  7.1  Impacted  wisdom  tooth  anatomy,  mandible;  20-year-old 
patient  with  clinical  symptoms  of  third  molar  pericoronitis.  (A) 
Panoramic  view  shows  apparently  smooth  (uncomplicated)  root  com¬ 


plex  of  impacted  tooth,  but  note  apex  anatomy  {arrow).  (B)  CT  image 
parallel  to  long  axis  of  wisdom  tooth  (similar  as  shown  in  Fig.  7.2C) 
demonstrates  a  90°  angulation  of  root  in  buccal  direction  (arrow) 


In  collaboration  with  N.  Kakimoto. 
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Fig.  7.2  Impacted  wisdom  tooth  and  mandibular  canal  relationship; 
28-year-old  patient  with  impacted,  asymptomatic  third  molars.  (A) 
Panoramic  view  suggests  possible  intimate  relationship  between 
impacted  tooth  and  mandibular  canal  bilaterally  ( arrows )  that  needs  to 
be  assessed  before  surgery.  (B)  Intraoral  views  (tube-shift  technique, 
buccal  object  rule)  indicate  intimate  relationship  between  the  tooth  and 


canal  bilaterally,  but  no  conclusion  with  regard  to  exact  canal  location 
can  be  made.  (C)  Coronal  CT  image  (radiation  direction  and  held 
shown  with  cursor  lines  in  scout  view,  open  mouth)  demonstrates  that 
mandibular  canal  penetrates  right  wisdom  tooth  root  and  makes  a  lin¬ 
gual  groove  in  left  wisdom  tooth  root  ( arrows ) 
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Fig.  7.3  Impacted  wisdom  tooth,  follicular  cyst,  mandible;  58-year-old 
patient  with  incidental  finding.  (A)  Panoramic  view  shows  wisdom 
tooth  in  right  mandible  with  pericoronal  radiolucency  (arrow).  (B) 
Axial  CT  image  shows  radiolucency  with  no  or  minimal  buccal  or  lin¬ 
gual  expansion  (arrow)  and  no  root  resorption.  (C)  Axial  (with  cursor 


lines),  oblique  sagittal  (upper),  and  oblique  coronal  (lower)  CT  images 
confirm  pericoronal  radiolucency  from  enamel-cementum  margin  to 
enamel-cementum  margin  (arrow)  consistent  with  follicular  (dentiger¬ 
ous)  cyst.  Note  mandibular  canal  penetrating  wisdom  tooth  root 
(arrowhead) 
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Fig.  7.4  Impacted  wisdom  teeth,  crown  resorption,  mandible;  73-year-  (B)  Axial,  (C,  E)  axial  (with  cursor  lines),  and  (D,  F)  oblique  sagittal 
old  male  without  symptoms.  (A)  Panoramic  view  shows  impacted  wis-  CT  images  of  the  right  (D)  and  left  (F)  mandible  show  crown  resorption 
dom  teeth  in  the  mandible  and  maxilla  and  crown  resorption  (arrow).  of  the  left  (arrow)  and  right  (arrowhead)  wisdom  tooth 
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Fig.  7.5  Impacted  wisdom 
tooth,  crown  resorption, 
mandible;  70-year-old  female 
without  symptoms.  Panoramic 
view  shows  resorption  of 
almost  the  entire  crown  of 
wisdom  tooth  in  the  left 
mandible  (arrow) 


Fig.  7.6  Lateral  incisor 
curved  root  anatomy  and 
relation  to  erupting  canine; 
10-year-old  patient.  (A) 
Panoramic  view  suggests 
close  relationship  between 
lateral  incisor  root  and 
erupting  canine  (arrow).  (B) 
Axial  CT  image  with  oblique 
sagittal  section  (upper  right) 
according  to  cursor  line  in 
reference  image  (lower  right) 
demonstrates  close 
relationship  between  lateral 
incisor  and  buccally  erupting 
canine  (arrow)  but  no  injury 
to  incisor  root 
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Fig.  7.7  Lateral  incisor 
resorption  due  to  impacted 
canine;  16-year-old  patient 
with  previous  injury  to  central 
incisor,  with  subsequent 
endodontic  therapy.  (A) 
Panoramic  view  shows  that 
relationship  between  canine 
and  lateral  incisor  (arrow) 
needs  to  be  assessed  before 
treatment,  leading  to  removal 
of  either  impacted  canine  or 
lateral  incisor.  (B)  Intraoral 
views  (tube-shift  technique) 
indicate  no  injury  to  lateral 
incisor  root.  (C)  Axial  CT 
image  with  oblique  sagittal 
section  (upper  right ) 
according  to  cursor  line  in 
reference  image  (lower  right) 
demonstrates  intimate 
relationship  between  lateral 
incisor  and  palatally  erupting 
canine  with  evident  resorption 
of  incisor  root  (arrow). 
Colored  photograph  of 
extracted  lateral  incisor 
confirms  root  resorption 
(arrow) 
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Fig.  7.8  Apical  periodontitis; 
50-year-old  male  with 
variable  pain  from  the  left 
maxilla.  (A)  Intraoral  view 
shows  apical  radiolucency  of 
the  second  molar,  apparently 
only  at  palatal  root  (arrow). 
Involvement  of  different  roots 
needs  to  be  assessed  to  decide 
whether  or  not  apicoectomy 
can  be  successfully 
performed.  (B)  Axial  CT 
image  (scout  view  with 
scanning  direction  and  field  to 
avoid  amalgam  artifacts  from 
teeth)  shows  a  larger 
radiolucency  (arrow)  at 
buccal  roots  than  at  palatal 
root  of  the  second  molar,  with 
surrounding  bone  sclerosis. 
(C)  Oblique  coronal  CT 
image  (upper  row)  (according 
to  cursor  line  in  reference 
image)  shows  cystic  process 
with  destroyed  buccal  cortex 
(arrow).  (C)  Oblique  sagittal 
CT  image  (middle  row) 
(according  to  cursor  line  in 
reference  image)  shows  cystic 
process  with  intact  cortical 
outline  (arrow).  (C)  Oblique 
sagittal  CT  image  (lower  row) 
(according  to  cursor  line  in 
reference  image)  shows  small 
radiolucency  (widened 
periodontal  space)  at  palatal 
root  (arrow),  with 
surrounding  sclerotic  bone. 
Note  some  antral  mucosal 
thickening 
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Fig.  7.9  Periodontal  disease;  34-year-old  female  with  bleeding  gingiva.  Panoramic  view  shows  loss  of  periodontal  bone  support  in  the  entire 
dentition,  with  more  evident  bone  loss  in  some  places  such  as  between  lateral  incisor  and  canine  in  the  left  maxilla  (arrow) 


Fig.  7.1 0  Periodontal  disease;  35-year-old  male  with  incidental 
finding.  Coronal  CT  image  shows  destruction  of  alveolar  bone  in 
the  maxilla  and  mandible  with  loss  of  periodontal  bone  support  in 
bifurcation  of  mandibular  molar  roots  and  trifurcation  of  maxillary 
molar  roots  (arrows);  left  maxillary  molar  has  no  remaining  bone 
support  of  palatal  “floating”  root 


7.3  Preoperative  and  Postoperative  Implant  Imaging 
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7.3  Preoperative  and  Postoperative  -  Dental  reformatting  programs  with  multiple  cross¬ 
implant  Imaging  sectional  views  perpendicular  to  the  entire  alveolar 

process  and  curved  panoramic  reconstructions  “parallel” 
Figs.  7.11,  7.12,  7.13,  7.14,  7.15,  and  7.16  to  alveolar  process 

-  Single  reformatted  scans  perpendicular  to  alveolar  process 


Fig.  7.11  Alveolar  process 
examination  before  dental 
implant  surgery;  20-year-old 
male  with  loss  of  incisor  due 
to  trauma  many  years 
previously.  (A)  Oblique 
sagittal  CT  image  according 
to  reference  image  (C).  (B) 
Same  image  as  in  (A),  with 
measures  of  distances.  (D) 
Alveolar  process  dimensions 
(from  B):  height  of  alveolar 
process  just  above  15  mm, 
width  of  alveolar  process 
from  just  below  4  to  almost 
5  mm 


Fig.  7.12  Pre-implant  evaluation  of  edentulous  maxilla;  57-year-old 
female.  (A)  Panoramic  view  shows  apparently  good  height  of  alveolar 
process  in  the  maxilla  for  implant  treatment.  (B)  Axial,  (C)  axial  (with 
cursor  lines),  (D)  oblique  sagittal,  and  (E)  coronal  CT  images  show 


very  thin  alveolar  process  in  bucco-palatal  dimension  (arrow).  CT 
examination  was  made  with  only  20  mA  exposure,  giving  a  patient  dose 
similar  to  a  cone  beam  CT  examination 
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Fig.  7.1 3  Alveolar  process  examination  before  and  after  dental  implant 
surgery;  one-tooth  implant.  (A)  Axial  CT  image  with  DentaScan  pro¬ 
gram,  preoperative.  (B)  Panoramic  and  (C)  cross-sectional  images 
show  edentulous  area  of  alveolar  process  (arrow)  with  acceptable 


height  and  width.  (D)  Axial  CT  image  with  DentaScan  program,  post¬ 
operative.  (E)  Panoramic  and  (F)  cross-sectional  images  of  alveolar 
process  show  implant  (arrow)  correctly  placed 


7.3  Preoperative  and  Postoperative  Implant  Imaging 
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Fig.  7.1 3  (continued) 
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Fig.  7.1 4  Alveolar  process 
examination  before  dental 
implant  surgery;  15-year-old 
male  with  multiple  agenesia. 

(A)  Panoramic  DentaScan 
reconstructions  of  the 
mandible  show  agenesia  of 
three  incisors  and  two 
premolars;  note  mandibular 
foramina  ( arrows )  and 
mandibular  canal  (arrows). 

(B)  Cross-sectional  images 
perpendicular  to  alveolar 
process  of  the  mandible 
(altogether  16  sections)  show 
extremely  thin  edentulous 
alveolar  process 
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Fig.7.15  Sinus  lift,  bone  graft,  artificial  bone;  39-year-old  female  with 
one-tooth  implant.  (A)  Panoramic  view,  postoperative,  shows  increased 
dimension  of  alveolar  process  in  the  maxilla  with  the  bone  from  the 
patient’s  chin  and  artificial  bone  chips  (arrow).  (B)  Preoperative  cross- 


sectional  DentaScan  images  of  the  left  maxilla  show  that  edentulous 
alveolar  process  is  too  small  for  implant  placement  (arrows). 
(C)  Postoperative  cross-sectional  DentaScan  images  show  that  the  new 
bone  has  increased  alveolar  process  to  an  acceptable  width  (arrows) 


#> 
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Fig.  7.16  Dental  implant  surgery  with  bone  graft  from  the  chin; 
68-year-old  female  who  could  not  accept  her  complete  maxillary  den¬ 
ture.  (A)  Panoramic  view  does  not  indicate  that  edentulous  maxillary 
alveolar  process  is  very  thin.  (B)  Three  CT  sections  perpendicular  to 
maxillary  alveolar  process  (according  to  cursor  lines  in  reference 


images)  show  that  alveolar  process  ( arrows )  is  very  thin  (1-2  mm),  but 
has  acceptable  height  (about  10  mm).  (C)  Axial  preoperative  CT  sec¬ 
tions  ( upper  row)  and  corresponding  axial  CT  sections  ( lower  row) 
after  implant  surgery  with  bone  graft  ( arrows )  taken  from  patient’s  chin 
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7.4  Imaging  of  Implant  Complications 

Figs.  7.17  and  7.18. 


Fig.  7.1 7  Dental  implant 
complication;  67-year-old 
female  with  mental  nerve 
paresthesia  after  implant 
surgery.  (A)  Panoramic  view 
indicates  that  the  relationship 
between  distal  implant  and 
mandibular  canal  needs  to  be 
further  assessed  (arrow 
mental  foramen).  (B)  Axial 
CT  image  according  to  cursor 
line  in  reference  image  shows 
that  implant  (arrow)  is  located 
just  in  the  area  of  mandibular 
canal  (arrowhead).  (C) 
Oblique  coronal  (upper)  and 
oblique  sagittal  (middle)  CT 
images  according  to  cursor 
lines  in  reference  image 
(lower)  show  that  implant  is 
located  in  mandibular  canal 
(arrows) 
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7  Teeth  and  Dental  Implants 


Fig.  7.1 8  Dental  implant 
complication;  45 -year-old 
male  with  pain  and  implants 
that  would  not  heal 
adequately  (three  implants 
already  lost).  (A)  Panoramic 
view  shows  apparently  normal 
bone  conditions  around  three 
remaining  implants,  but 
reliable  evaluation  is 
impossible.  (B)  Axial  CT 
image  shows  two  implants 
located  in  the  nasal  cavity 
(< arrowheads )  and  one  implant 
located  in  the  maxillary  sinus 
with  resorption  of  medial 
sinus  wall  (arrow).  Note  very 
small  maxillary  sinus  on  the 
right  side.  (C)  Sagittal  CT 
image  (upper),  according  to 
cursor  line  in  reference  image 
(lower),  shows  implant  in  the 
maxillary  sinus  with  no  bone 
support  other  than  the  sinus 
wall  and  some  mucosal 
thickening  around  the  implant 
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Abstract 

This  chapter  illustrates  non-fracture  trauma,  mandibular  fracture,  mandibular  fracture  com¬ 
bined  with  other  fractures,  complications  of  mandibular  fracture,  nasal  fracture,  and  mid¬ 
facial  fractures;  isolated  maxillary  wall  fracture,  LeFort  fractures,  tripod  fracture,  and 
blowout  fracture. 


8.1  Introduction 

The  main  objective  of  imaging  patients  with  traumas  to  the 
face  is  to  detect  fractures.  CT  is  the  superior  imaging 
modality  to  assess  bone  structures,  and  routinely  the  exami¬ 
nation  will  include  axial  thin  section  CT  with  coronal  and 
sagittal  reformatted  images.  With  multidetector  CT,  high- 
quality  images  can  be  obtained  in  any  desired  plane  and  3D 
reconstruction  can  be  very  valuable  in  the  evaluation  of  the 
complex  facial  skeleton.  Although  some  detail  is  lost  as  part 
of  the  smoothing  algorithm,  the  3D  images  will  visualize 
the  fracture  segments  and  their  relationship  to  one  another 
better  than  different  series  of  2D  images.  In  the  present 
chapter  we  have  a  main  focus  on  mandibular  traumas  and 
fractures. 

If  clinical  examination  indicates  that  only  the  mandible 
is  injured  in  a  minor  trauma,  a  panoramic  view  with  a 
supplementary  posteroanterior  view  of  the  mandible  and/ 
or  intraoral/occlusal  views  may  be  sufficient.  However,  it 
has  been  reported  that  coronal  CT  alone  is  more  accurate 
than  panoramic  radiography  alone  for  diagnosing  man¬ 
dibular  condyle  fractures.  Thus,  CT  is  increasingly  used 
to  assess  also  mandibular  fractures. 

Tooth  fractures  are  in  most  cases  adequately  evaluated 
with  intraoral  radiography,  but  cone  beam  CT  is  increas¬ 
ingly  used  for  dento-alveolar  traumas.  However,  dental 


traumatology  is  beyond  the  scope  of  this  chapter.  In  gen¬ 
eral,  radiographic  examination  of  any  suspected  fracture 
should  be  in  at  least  two  planes,  preferably  perpendicular 
to  each  other. 

The  diagnosis  of  facial  fractures  usually  is  accomplished 
by  a  combination  of  clinical  and  imaging  examinations. 


8.2  Non-fracture  Traumas 

Figs.  8.1,  8.2,  8.3,  8.4,  and  8.5 

8.2.1  Definition 

Minor  and/or  blunt  and/or  low-velocity  traumas  not  leading 
to  fracture. 

8.2.2  Clinical  Features 

-  Pain 

-  Dental  occlusion  does  not  fit 

-  Abnormal  jaw  mobility,  usually  restricted  (trismus) 

-  Soft-tissue  injury 

-  Hematoma,  epistaxis,  edema 

-  Mandibular  luxation 
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8  Facial  Traumas  and  Fractures 


8.2.3  Imaging  Features 

-  Mandibular  condyle  displaced  anteriorly  in  fossa  at  closed 
mouth  (probably  due  to  joint  effusion;  may  be  seen  on 
MRI) 

-  Restricted  condyle  translation 


-  Articular  disc  displacement 

-  Paranasal  sinus  opacification  or  fluid-air  level  or  dome¬ 
shaped  blood  clot 

-  Soft-tissue  swelling  (subcutaneous  hematoma,  edema) 

-  Foreign  body 


Fig.  8.1  Non-fracture  trauma  to  the  mandible;  14-year-old  male  with 
trauma  to  the  chin  due  to  bicycle  accident  and  problems  with  mouth 
opening  and  dental  occlusion.  (A,  B)  Conventional  (lateral  transcranial) 
TMJ  radiography  at  closed  mouth  shows  abnormal  position  of  condyle 


(< asterisk )  in  fossa  of  the  right  joint  (A)  and  wide  joint  space  in  the  left 
joint  (B).  (C,  D)  Open-mouth  images  show  restricted  condylar  transla¬ 
tion  of  the  right  (C)  and  left  (D)  joint  (at  this  age  condyles  usually  move 
clearly  in  front  of  eminences) 


8.2  Non-fracture  Traumas 
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Fig.  8.2  Non-fracture  trauma  to  the  mandible;  20-year-old  female  with 
trauma  to  the  chin  2  months  previously,  still  with  pain  and  limited 
mouth-opening  capacity  without  joint  sound;  before  trauma  she  had  a 
clicking  jaw  but  no  pain  or  mouth-opening  problem  (no  fractures  were 


found  after  thorough  examinations).  (A,  B)  Oblique  sagittal  TMJ  MRI 
shows  anteriorly  displaced  disc  (arrow)  both  at  closed  (A)  and  at  open 
mouth  (B)  and  restricted  condyle  translation 


Fig.  8.3  Non-fracture  trauma  to  the  mandible;  63 -year-old  male  with 
mouth-opening  and  dental  occlusion  problems.  (A)  Oblique  sagittal, 
(B,  C)  axial  (with  cursor  line),  and  (D)  oblique  sagittal  CT  images  of 
the  right  (A,  B)  and  left  (C,  D)  joint  show  normal  bone  contours  but  the 
left  condyle  (asterisk)  displaced  in  fossa.  (E)  Oblique  sagittal  (right), 


(F)  oblique  sagittal  (left),  and  (G)  oblique  coronal  (left)  T2- weighted 
MRI  show  normal  disc  position  in  both  joints  and  displaced  condyle 
and  joint  effusion  (arrows)  in  the  left  joint.  Possibly  marrow  edema  in 
both  condyles.  After  a  couple  of  weeks,  dental  occlusion,  condyle  posi¬ 
tion,  and  mouth-opening  capacity  normalized 
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Fig.  8.4  Non-fracture  trauma  to  the  mandible;  patient  with  jaw 
luxation.  3D  CT  image  shows  condyle  in  front  of  eminence 
(arrow),  also  on  contralateral  side  (not  shown)  (courtesy  of 
Dr.  A.  Kolbenstvedt,  Oslo  University  Hospital,  Rikshospitalet, 
Oslo,  Norway) 


Fig.  8.5  Non-fracture  trauma  to  the  mandible;  patient  with  jaw  luxation.  (A)  Panoramic  view  and  (B)  oblique  sagittal  CT  image  show  condyle  in 
front  of  eminence 


8.3  Fractures 
8.3.1  Definition 


8.3.2  Clinical  Features 

-  See  Non-fracture  Traumas 

-  Abnormal  morphology  such  as  flattening 

-  Palpable  step-off  of  the  bone 

-  Crepitation  due  to  emphysema 

-  Paresthesia,  anesthesia 

-  Hemorrhage 


8.3.3  Imaging  Features 

-  See  Non-fracture  Traumas 

-  Cortical  discontinuity,  defect 

-  Abnormal  angulation 

-  Absent  or  displaced  bone 

-  Abnormal  linear  density 

-  Bone  overlap  (“double  radiopacity”) 

-  Greenstick  in  young  patients 

-  “Empty  fossa”  sign  on  axial  CT  images 

-  Localized  air  collection 


Traumatic  cortical  discontinuity  with  or  without  dislocation. 


8.4  Mandibular  Fractures 
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8.4  Mandibular  Fractures 

Figs.  8.6,  8.7,  8.8,  8.9,  8.10,  8.11,  8.12,  8.13,  and  8.14 

8.4.1  Clinical  Features 

-  See  Fractures 

-  Most  common  fractures  in  facial  skeleton  after  nasal 
fractures 

-  Unilateral  mandibular  body  fracture  reported  as  most 
frequent  mandibular  fracture  in  oral  and  maxillofacial 
surgery  practice 

-  The  most  common  site  of  mandibular  body  fracture  is 
junction  of  the  body  and  ramus,  followed  by  molar  region 

-  Mandibular  condyle  fractures  constitute  up  to  about  one- 
half  of  mandibular  fractures  and  affect  all  age  groups; 
reported  as  the  most  frequent  mandibular  fracture  in 
children 


-  More  than  one  fracture  of  mandible  common;  typically, 
mandibular  body  fracture  on  one  side  and  mandibular 
neck/condyle  fracture  on  contralateral  side;  almost  half  of 
patients  with  condyle  fractures  have  mandibular  body 
fractures 

-  In  one  study  of  condyle  fractures,  interpersonal  violence 
was  the  most  frequent  cause 

-  Symphyseal  and  coronoid  process  area  uncommon  sites, 
but  in  one  series  with  interpersonal  violence  as  a  frequent 
cause,  symphyseal  fractures  were  the  second  most  com¬ 
mon  to  mandibular  angle  fractures 

-  Assault  reported  to  be  a  more  frequent  cause  than  motor 
vehicle  accident,  falls,  and  sports,  but  assault  also  reported 
equally  frequent  to  motor  vehicle  accident 

-  Males  clearly  more  frequent  than  females 


Fig.  8.6  Mandibular  condyle  fracture,  unilateral;  48 -year-old  female 
2  weeks  after  trauma  to  the  mandible,  now  with  dental  occlusion  prob¬ 
lems  and  pain  from  the  right  TMJ  on  mouth  opening.  (A)  Panoramic 
view  (open  mouth)  shows  intracapsular  fracture  of  the  right  condyle, 


apparently  without  dislocation  (arrow).  (B)  Axial  CT  image  shows 
fragment  of  condyle  slightly  dislocated  medially  (arrow).  (C)  Coronal 
CT  image  shows  intracapsular  fracture  with  some  dislocation  of  frag¬ 
ment  (arrow) 
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Fig.  8.7  Mandibular  neck  fracture,  unilateral,  several  years  old,  and  open-mouth  position  at  closed  mouth,  apparently  with  normal  disc  in 
healed  without  symptoms  or  signs.  (A)  3D  CT  image  shows  satisfactory  normal  position  (arrow) 
dental  occlusion.  (B)  MRI  of  TMJ  shows  mandibular  condyle  healed  in 


Fig.  8.8  Mandibular  body  and  contralateral  neck  fractures,  without 
dislocation;  19-year-old  female  with  tooth  fracture  (first  premolar  in  the 
left  mandible)  and  pain  with  limited  mouth  opening  due  to  bicycle  acci¬ 
dent.  (A)  Panoramic  view  shows  fracture  line  in  the  left  mandibular 
body  (arrow)  and  suggests  possible  fracture  of  the  right  mandibular 


condyle/neck.  (B)  Conventional  tomography  of  the  right  TMJ  at  open 
(left)  and  closed  mouth  (middle)  and  of  the  left  TMJ  at  closed  mouth 
(right)  for  comparison  confirms  fracture  line  in  the  right  mandibular 
neck/condyle  area  (arrow),  apparently  without  dislocation  (cannot  be 
definitely  decided  without  coronal  imaging) 


8.4  Mandibular  Fractures 
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Fig.  8.9  Mandibular  neck  fracture,  unilateral;  patient  with  severe  TMJ 
pain  and  severely  impaired  mouth-opening  capacity  immediately  after 
trauma.  (A)  Oblique  sagittal  PD-weighted,  (B)  oblique  sagittal 


T2-weighted,  and  (C)  oblique  coronal  T2-weighted  MRI  show  condyle 
and  disc  in  abnormal  position  and  large  effusion  in  both  upper  and 
lower  joint  compartments  (< asterisks ) 


Fig.  8.10  Mandibular  neck  and  contralateral  mandibular  condyle 
fractures;  10-year-old  male  who  fell  over  handlebars  of  his  bike,  land¬ 
ing  on  his  chin.  (A)  Coronal  CT  shows  right  mandibular  neck  fracture 
(arrow).  (B)  Coronal  CT  shows  intracapsular  fracture  of  contralateral 


mandibular  condyle  with  some  medial  dislocation  of  medial  fragment 
(arrow).  (C)  Axial  CT  confirms  intracapsular  condyle  fracture  with 
dislocation  (arrow) 
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Fig.  8.11  Mandibular  neck  fractures,  bilateral;  37-year-old  male  with 
5-year-old  healed  mandibular  fractures  without  symptoms  or  signs  and 
with  satisfactory  dental  occlusion,  now  with  new  trauma  to  face  but  no 
new  fractures.  (A)  Panoramic  view  shows  deformed  mandibular 


condyles  bilaterally  (arrows).  (B)  Axial  CT  image  shows  bony  union 
between  fragments  and  remaining  mandible  bilaterally  (arrows).  (C) 
Coronal  CT  image  shows  medially  displaced  and  healed  fragments 
bilaterally  (arrows) 


8.4  Mandibular  Fractures 
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Fig.  8.12  Mandibular  bilateral  neck  and  mandibular  body  fractures; 
44-year-old  female  with  trauma  to  the  chin  3  weeks  previously,  but  still 
some  problems  with  dental  occlusion  (only  tooth  fractures  diagnosed 
by  clinical  and  intraoral  radiographic  examinations).  (A)  Panoramic 
view  shows  fracture  of  mandibular  body  (arrow)  and  suggests  possible 


fractures  of  condyles.  (B)  Coronal  CT  image  shows  intracapsular  frac¬ 
ture  of  the  right  mandibular  condyle  with  minimal  dislocation  (arrow). 
(C)  Coronal  CT  image  shows  intracapsular  fracture  of  the  left  mandibu¬ 
lar  condyle  with  small  dislocation  (arrow).  (D)  Axial  CT  image  shows 
mandibular  body  fracture  without  dislocation  (arrows) 
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Fig.  8.13  Mandibular  body  fracture,  comminuted;  17-year-old  male 
with  gunshot  to  the  face.  (A)  En  face  view  shows  multiple  bone  and 
metallic  fragments  and  an  intratracheal  tube.  (B)  Axial  CT  image  of 
tooth-bearing  area  shows  comminuted  fracture  with  many  bone  and 
metallic  fragments  (arrow).  (C)  Axial  CT  image  at  a  more  caudal  level 


shows  multiple  metallic  bullet  fragments,  from  the  cheek  area  to  air 
space  with  air  bubbles  along  the  bullet  track  (arrow),  and  soft-tissue 
swelling.  (D)  Coronal  CT  image  shows  intact  coronoid  process  (arrow). 
(E)  Coronal  CT  image  shows  intact  mandibular  neck  and  condyle 
(arrow) 


8.5  Mandibular  Fractures  Combined  with  Other  Fractures 
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Fig.  8.14  Mandibular  condyle  fracture,  comminuted;  23-year-old 
female  with  gunshot  to  the  face.  (A)  Axial  CT  image  shows  multiple 
bone  and  metallic  fragments  and  intracapsular  condyle  fracture  (arrow). 


8.5  Mandibular  Fractures  Combined 
with  Other  Fractures 

Figs.  8.15,  8.16,  8.17,  8.18,  8.19,  and  8.20 

8.5.1  Clinical  Features 

-  15%  of  patients  with  mandibular  fractures  have  at  least 
one  other  facial  bone  fracture 


(B)  Coronal  CT  image  shows  multiple  bony  and  metallic  fragments  and 
condyle  divided  into  two  main  pieces  (arrow) 


-  In  patients  with  severe  facial  traumas  also  mandible 
frequently  injured;  in  about  half  of  LeFort  fractures 

-  Compound  fractures  communicate  with  soft-tissue 
wounds 


Fig.  8.15  Mandibular  neck  and  maxillary  alveolar  process  fractures; 
3 3 -year-old  female  with  trauma  to  the  chin  and  maxilla.  (A)  Coronal 
CT  image  shows  fracture  of  the  left  mandibular  neck  (arrow).  (B)  Axial 


CT  image  shows  right  maxillary  alveolar  process  fracture  with  dislo¬ 
cated  tooth  (arrow).  (C)  Axial  CT  image  shows  comminuted  fracture  of 
maxillary  alveolar  process  (arrow) 
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Fig.  8.1 6  Mandibular  bilateral  neck  (greenstick  on  one  side)  and  max¬ 
illary  alveolar  process  fractures;  14-year-old  male  with  trauma  to  the 
chin  and  maxilla.  (A)  Coronal  CT  image  shows  right  mandibular  neck 
fracture  with  fragment  dislocated  medially  (arrow)  and  greenstick  frac¬ 
ture  of  the  left  mandibular  neck  with  minimal  displacement  (arrow). 


(B)  Axial  CT  image  confirms  displacement  of  the  right  mandibular  con¬ 
dyle  (arrow)  and  no  evident  displacement  of  the  left  side.  (C)  Axial  CT 
image  shows  fracture  of  maxillary  alveolar  process  in  anterior  region 
with  loss  of  one  incisor  (arrow) 


Fig.  8.17  Mandibular  neck,  maxillary  sinus  wall  and  zygomatic  arch 
fractures;  38-year-old  male  who  had  been  assaulted  1  month  previously, 
now  with  limited  mouth  opening,  dental  occlusion  problem,  and  tender¬ 
ness  to  the  left  zygomatic  arch  (1  week  after  trauma,  only  sinus  wall 


fracture  was  diagnosed  at  a  hospital).  (A)  Coronal  CT  image  shows 
mandibular  neck  fracture  with  minimal  dislocation  (arrow).  (B)  Axial 
CT  image  shows  maxillary  sinus  wall  fracture  and  zygomatic  arch  frac¬ 
ture  (arrows) 


8.5  Mandibular  Fractures  Combined  with  Other  Fractures 
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Fig.  8.18  Mandibular  coronoid  process,  maxillary  sinus  wall  and 
zygomatic  arch  fractures;  54-year-old  female  with  bicycle  accident 
3  weeks  previously,  but  still  with  mouth-opening  problem.  (A)  Axial 
CT  image  shows  fracture  of  zygomatic  arch  (arrow).  (B)  Coronal  CT 


image  shows  fracture  of  mandibular  coronoid  process  (arrow).  (C) 
Sagittal  CT  image  confirms  coronoid  process  fracture  (arrow),  but 
mandibular  condyle  is  located  normally  in  fossa.  (D)  Axial  CT  image 
shows  maxillary  sinus  wall  fracture  (arrow) 


Fig.  8.19  Mandibular  bilateral  neck,  mandibular  body  and  maxillary  mandibular  body  (arrow)  and  bilateral  mandibular  neck  fractures 
sinus  wall  fractures;  58-year-old  female  who  was  struck  by  a  car  (arrows).  (B)  Axial  CT  image  shows  maxillary  sinus  wall  fracture 
with  loss  of  consciousness.  (A)  3D  CT  image  shows  fracture  of  left  (arrow),  intrasinus  hemorrhage,  and  subcutaneous  air  collection 
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Fig.  8.20  Mandibular  and  maxillary  fractures  not  pronounced  and 
without  dislocations,  but  severe  hemorrhage  intracranially  and  in  most 
paranasal  sinuses;  60-year-old  male  with  gunshot  to  the  face.  (A) 
Posteroanterior  view  shows  numerous  bullet  pellets  and  fragments,  but 
no  obvious  fractures.  (B)  Axial  CT  image  shows  mandibular  fracture 
(arrow),  maxillary  sinus  wall  fracture  (arrow),  left  maxillary  sinus 
opacification  (hemorrhage),  and  a  number  of  metallic  fragments  and  air 
collections,  in  particular  in  the  bullet  track.  (C)  Axial  CT  image  shows 
fracture  of  the  anterior  maxillary  wall  (arrow),  left  maxillary  sinus 


fluid- air  level  (hemorrhage),  and  metallic  fragments.  (D)  Axial  CT 
image  shows  fluid-air  level  (hemorrhage)  of  the  frontal  sinus  (arrow) 
and  a  number  of  metallic  fragments.  (E)  Axial  CT  image  shows  large 
intraparenchymal  hemorrhage  in  the  left  frontotemporal  lobes  (arrow) 
causing  some  mass  effect  onto  frontal  horn  of  the  left  lateral  ventricle, 
some  widening  of  extra-axial  space  over  the  left  frontal  area  possibly 
due  to  subdural  hematoma,  pneumocephalus  in  the  left  frontal  area,  and 
bullet  fragments,  one  in  particular  adjacent  to  occipital  horn  of  the  right 
lateral  ventricle 


8.6  Complications  of  Mandibular  Fractures 
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8.6  Complications  of  Mandibular 
Fractures 

Figs.  8.21,8.22,  and  8.23 

8.6.1  Clinical  Features 

-  Mandibular  fractures  are  easily  overlooked  in  the  diag¬ 
nostic  workup  of  traumatized  patients,  particularly  of 
those  with  severe  head  injuries 


-  Undetected  mandibular  fractures  may  lead  to  various 
complications,  some  of  which  could  have  been  avoided 

-  Infections,  osteomyelitis,  and  nonunion  seem  to  be  the 
most  frequent  complications  after  surgical  treatment; 
mandibular  angle  fractures  have  the  highest  overall  mor¬ 
bidity  rate 

-  Dental  occlusion  problems  and  marked  deviation  of  the 
mandible  on  mouth  opening  seem  to  be  the  most  frequent 
complications  after  nonsurgical  treatment  of  condyle 
fractures 


Fig.  8.21  Open  bite;  61 -year-old  male  with  trauma  to  the  face  and  mouth.  (A)  Lateral  view  shows  anterior  bite  opening.  (B)  Coronal  CT 
head  3  weeks  previously  with  loss  of  consciousness,  no  mandibular  image  shows  bilateral  mandibular  neck  fractures  ( arrows ) 
fractures  diagnosed,  now  with  contact  only  on  molar  teeth  at  closed 


Fig.  8.22  Facial  asymmetry;  12-year-old  female  with  a  4-year  history  mandibular  condyle  and  flattened  fossa.  (C)  Oblique  sagittal  CT  image 
of  trauma  to  the  chin  but  no  fractures  diagnosed.  (A)  Scout  view  shows  of  left  TMJ  shows  normal  mandibular  condyle  and  fossa  (other  images 
facial  asymmetry  with  mandibular  underdevelopment  on  the  right  side  of  this  patient  in  Fig.  6.59) 

(arrows).  (B)  Oblique  sagittal  CT  image  of  right  TMJ  shows  deformed 
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Fig.  8.23  TMJ  ankylosis;  10-year-old  male  with  a  4-year  history  of 
trauma  to  the  head  with  loss  of  consciousness;  no  jaw  fractures  diag¬ 
nosed,  but  mouth-opening  capacity  gradually  reduced  to  less  than 
10  mm;  postoperatively  it  increased  to  33  mm.  (A)  Coronal  CT  image 
shows  hbro-osseous  ankylosis  of  the  lateral  part  of  right  TMJ  (arrow), 


probably  also  previous  fracture  of  the  left  joint.  (B)  Panoramic  view 
shows  abnormal  right  mandibular  condyle  (arrow).  (C)  Panoramic, 
postoperative  view  shows  most  of  the  right  mandibular  condyle 
resected.  (D)  Panoramic  view,  1  year  postoperative,  shows  small,  new 
mandibular  condyle  (arrow) 


8.8  Midfacial  Fractures 
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8.7  Nasal  Fractures 

Fig.  8.24 

8.7.1  Clinical  Features 

-  See  Fractures 

-  Nasal  bone  or  nasal  pyramid  fractures  are  most  frequent 
and  constitute  40-50%  of  all  facial  bone  fractures 

-  66%  result  from  a  lateral  force,  and  only  13%  from  a  fron¬ 
tal  force 

-  The  majority  involve  thinner  distal  third  of  nasal  bones, 
with  intact  nasal-ethmoid  margin 

-  More  severe  fractures  may  result  in  detachment  of  the 
entire  nasal  pyramid,  saddle  nose,  hypertelorism,  and 
telecanthus 


8.8  Midfacial  Fractures 
8.8.1  Clinical  Features 

-  See  Fractures 

-  Central  midfacial  fractures;  all  forms  of  fractures  that 
occur  between  the  root  of  the  nose  and  maxillary  alveolar 
processes,  without  involvement  of  zygomas;  isolated 
maxillary  fractures,  nasal-ethmoidal-orbital  fractures, 
LeFort  fractures  1  and  2 

-  Lateral  midfacial  fractures;  isolated  zygomatic  arch  frac¬ 
ture,  tripod  fracture,  blowout  fracture 

-  Fractures  may  be  bilateral  or  unilateral 

-  About  one-fourth  as  common  as  mandibular  fractures 


Fig.  8.24  Nasal  aperture  fractures.  Coronal  CT  image  shows  three 
fractures  of  nasal  aperture  (arrows),  as  well  as  fractures  of  frontal  sinus 
with  fluid-air  level  and  nasal  septum  (courtesy  of  Dr.  A.  Kolbenstvedt, 
Rikshospitalet  University  Hospital,  Oslo,  Norway) 


-  Majority  of  severe  midfacial  fractures  occur  in  road  traffic 
accidents 

-  More  than  80%  of  patients  are  males 

-  Peak  age  incidence  third  decade 

-  Rare  in  children 

-  Trismus  is  reported  in  about  33%  of  all  zygomatic  frac¬ 
tures  and  in  about  45%  of  zygomatic  arch  fractures;  a 
fractured  arch  may  impinge  on  coronoid  process  or  tem¬ 
poralis  muscle 

-  1%  to  near  15%  of  central-lateral  midfacial  fractures  are 
reported  to  have  accompanying  fractures  of  anterior  skull 
base 

-  Posttraumatic  complications;  meningitis,  hypertelorism, 
olfactory  dysfunction,  mucocele 
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8.9  Isolated  Maxillary  Sinus  Wall  Fracture 


Fig.  8.25 

8.9.1  Clinical  Features 

-  Uncommon,  but  usually  comminuted 

-  Alveolar  fractures  most  frequent 


Fig.  8.25  Maxillary  sinus  wall  fracture;  32-year-old  male  victim  of 
violence  3  days  previously,  with  infraorbital  hematoma  and  pain.  (A) 
Coronal  CT  image  shows  normal  bony  walls  of  maxillary  sinuses  but 


unilateral  fluid-air  level.  (B)  Coronal  CT  image  shows  comminuted 
fracture  of  lateral  maxillary  sinus  wall  (arrow).  (C)  Axial  CT  shows 
fracture  of  anterior  maxillary  sinus  wall  (arrow) 


8.10  LeFort  Fractures 
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8.1 0  LeFort  Fractures 

Figs.  8.26,  8.27,  8.28,  8.29,  and  8.30 

8.10.1  Definition 

LeFort  fractures  involve  separation  of  all  or  a  portion  of  the 
midface  from  the  skull  base  and  are  classified  as  horizontal 
(1),  pyramidal  (2),  or  transverse  (3)  with  hallmark  of  trau¬ 
matic  pterygomaxillary  separation: 

•  LeFort  type  1 — floating  palate 

-  Horizontal  maxillary  fracture,  separating  the  teeth 
from  the  upper  face 

-  Fracture  line  passes  through  the  alveolar  ridge,  lateral 
nose,  and  inferior  wall  of  maxillary  sinus 

•  LeFort  type  2 — floating  maxilla 

-  Pyramidal  fracture,  with  teeth  at  pyramid  base  and 
nasofrontal  suture  at  its  apex 

-  Fracture  arch  passes  through  the  posterior  alveolar 
ridge,  lateral  walls  of  maxillary  sinuses,  inferior  orbital 
rim,  and  nasal  bones 


•  LeFort  type  3 — floating  face 

-  Craniofacial  disjunction 

-  Fracture  line  passes  through  the  nasofrontal  suture, 
maxillo-frontal  suture,  orbital  wall,  and  zygomatic 
arch/zygomaticofrontal  suture 


8.10.2  Clinical  Features 

-  Usually,  different  fracture  types  occur  in  combination 

-  Dental  occlusion  does  not  fit 

-  “Floating  palate”  (LeFort  1) 

-  “Dish  face,”  hemorrhage,  edema,  emphysema,  and  in  near 
80%  anesthesia  of  infraorbital  nerve(s)  (LeFort  2) 

-  “Dish  face,”  CSF  rhinorrhea,  hemorrhage,  edema,  emphy¬ 
sema,  damage  to  lacrimal  apparatus,  and  in  near  70% 
anesthesia  of  infraorbital  nerve(s)  (LeFort  3) 


Fig.  8.26  LeFort  1  osteotomies;  48-year-old  female  with  pain  and  inferior  portion  of  the  nasal  cavity.  Associated  mucosal  thickening  in 
facial  swelling  after  maxillary  surgery.  (A)  Coronal  CT  image  shows  maxillary  sinuses  characteristically  seen  after  surgery.  (B)  Coronal  CT 
osteotomy  defects  in  anterolateral  maxillary  walls  ( arrows )  and  through  image  shows  osteotomy  defects  in  pterygoid  plates  ( arrows ) 
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Fig.  8.27  LeFort  1  fracture.  Axial  CT  image  shows  fracture 
line  in  anterior,  inferior  part  of  the  nasal  cavity  (arrow);  in 
posterior,  inferior  part  of  maxillary  sinus,  most  prominent  on 
the  left  side;  and  in  the  left  pterygoid  plate  (arrow).  Note  also 
fracture  in  the  right  medial  maxillary  sinus  wall  (arrow) 
(courtesy  of  Dr.  A.  Kolbenstvedt,  Rikshospitalet  University 
Hospital,  Oslo,  Norway) 


Fig.  8.28  LeFort  2  fracture  with  a  zygomatic  arch  nondisplaced  frac¬ 
ture;  37-year-old  male  who  was  assaulted.  (A)  Axial  CT  image  shows 
bilateral  fractures  of  the  anterior  part  of  the  maxilla  (arrow),  lateral- 
posterior  part  of  the  maxilla  (arrow),  and  pterygoid  plates  (arrow). 
Hemorrhage  in  maxillary  sinuses  and  multiple  air  collections.  (B)  Axial 


CT  image  shows  bilateral  fracture  of  the  nasal  bone  (arrow)  and  frac¬ 
tures  of  the  right  zygomatic  arch  (arrows).  Note  large  emphysema  in 
the  cheek.  (C)  Coronal,  reformatted  CT  image  shows  bilateral  fractures 
of  medial  orbital  walls  (arrows),  superior  and  inferior  lateral  maxillary 
sinus  walls  (arrows),  and  nasal  aperture.  Note  intratracheal  tube 


8.10  LeFort  Fractures 
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Fig.  8.29  LeFort  3  and  mandibular  body  fractures;  45 -year-old  male 
after  motor  vehicle  crash  with  trauma  to  the  face  and  head  and  loss  of 
consciousness.  (A)  Coronal  CT  image  shows  bilateral  fractures  of  supe¬ 
rior  nasal  aperture  near  the  nasal  bone  and  inferior  nasal  aperture  above 
the  palate  (arrows),  opacification  due  to  hemorrhage  of  the  nasal  cavity, 
bone  fragments  and  air  collections  in  the  right  cheek,  and  intratracheal 
tube.  (B)  Coronal  CT  image  shows  bilateral  fractures  of  orbital  floor 


and  maxillary  sinus  wall  (arrows)  and  opacification  of  the  nasal  cavity 
and  all  sinuses  except  the  left  frontal,  due  to  hemorrhage.  (C)  Coronal 
CT  image  shows  fracture  of  the  left  lateral  orbital  wall  (arrow),  neces¬ 
sary  for  definition  of  a  LeFort  3  fracture;  zygomatic  arch  was  also  frac¬ 
tured.  (D)  Coronal  CT  image  shows  bilateral  fractures  of  pterygoid 
plates  (arrow)  and  left  mandibular  ramus  (arrow).  (E)  Axial  CT  image 
shows  fracture  of  right  mandibular  body  (arrow) 
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Fig.  8.30  LeFort  1,  2,  3  and  mandibular  fractures;  28-year-old  male,  motor  vehicle  crash.  (A,  B,  C)  Preoperative  and  (D,  E,  F)  postoperative  3D 
CT  images  show  a  mixture  of  all  LeFort  fractures  and,  additionally,  mandibular  fractures 


8.11  Tripod  Fracture  8.11.1  Definition 

Figs.  8.31  and  8.32  Fracture  through  (1)  lateral  orbital  wall  with  fracture  site  at 

zygomaticofrontal  suture,  (2)  zygoma  and  maxilla  with  frac- 
Synonyms:  Trimalar  or  zygomatic  fracture.  ture  site  at  zygomaticomaxillary  suture,  and  (3)  zygomatic 

arch  with  fracture  site  at  zygomaticotemporal  suture. 


Fig.  8.31  Tripod  fracture,  classic;  45-year-old  and  with  facial  trauma.  intrasinus  hemorrhage.  (B)  Axial  CT  image  shows  fracture  of  lateral 
(A)  Axial  CT  image  shows  fractures  of  anterior  maxillary  sinus  wall,  orbital  wall  (arrow),  hemorrhage  in  ethmoid  cells,  and  swelling  due  to 
lateral-posterior  maxillary  sinus  wall,  and  zygomatic  arch  ( arrows )  and  subcutaneous  edema 


8.11  Tripod  Fracture 
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8.11.2  Clinical  Features  -  About  half  of  all  midfacial  fractures  (more  than  two- 

thirds  in  one  study),  either  alone  or  in  combination  with 
-  Most  common  fracture  of  facial  skeleton  after  nasal  and  other  midfacial  fractures 

mandibular  fractures  -  Infraorbital  nerve  paresthesia  or  anesthesia  in  almost  95% 


A 


Fig.  8  .32  Tripod  fracture,  but  no  evident  lateral  orbital  wall  fracture; 
70-year-old  female  with  trauma  to  face  3  days  previously.  (A) 
Panoramic  view  shows  opacification  of  the  left  maxillary  sinus  (arrow) 
with  abnormal  structure  ( arrow  head)  and  possibly  some  air  collections 
(white  arrow).  (B)  Axial  CT  image  shows  fractures  of  anterior  maxil¬ 
lary  sinus  wall,  lateral-posterior  maxillary  sinus  wall,  and  zygomatic 


arch  (arrows).  (C)  Coronal  CT  image  confirms  comminuted  fracture  of 
lateral  maxillary  sinus  wall  (arrow)  with  soft-tissue  swelling  in  sinus, 
probably  blood  clot.  (D)  Coronal  CT  image  shows  fluid-air  level  and 
collections  of  subcutaneous  air  close  to  destroyed  maxillary  sinus  wall 
(arrow) 
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8.1 2  Blowout  Fracture 


8.12.2  Clinical  Features 


Figs.  8.33,  8.34,  and  8.35 

8.12.1  Definition 


-  Only  3-5%  of  all  midfacial  fractures 

-  Diplopia 

-  Enophthalmos,  exophthalmos 


Fracture  of  inferior  or  medial  orbital  wall,  usually  not  involv¬ 
ing  orbital  rim  (classic). 


Fig.  8.33  Blowout  fracture,  classic;  60-year-old  female  with  fall  on  the 
face  10  days  previously,  with  infraorbital  hematoma  and  some  tender¬ 
ness.  (A)  Coronal  CT  image  shows  fracture  of  orbital  floor  (arrow).  (B) 
Coronal  CT  image,  more  posterior  section,  shows  otherwise  normal 
sinuses.  (C)  Sagittal  MRI  of  another  patient  shows  orbital  fat  (arrow) 
and  bone  fragment  and  mucosal  swelling  or  muscle  tissue  (arrowhead) 


in  maxillary  sinus  due  to  blowout  fracture;  note  intact  orbital  rim  (cour¬ 
tesy  of  Dr.  A.  Kolbenstvedt,  Oslo  University  Hospital,  Rikshospitalet, 
Oslo,  Norway).  (D)  Coronal  CT  image  of  another  patient  shows  orbital 
air  collection  (arrow).  (E)  Axial  CT  image  of  same  patient  as  in  (D) 
shows  large  subcutaneous  emphysema  (arrow) 


8.12  Blowout  Fracture 
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Fig.  8.34  Blowout  fracture,  medial;  54-year-old  male  who  was  struck 
by  a  car  from  behind.  (A)  Coronal  CT  image  shows  fracture  of  the  left 
medial  orbital  wall  and  soft  tissue  with  periorbital  fat  in  ethmoid  cells 


(arrow).  (B)  Axial  CT  image  shows  fracture  of  the  lamina  papyracea 
with  opacification  of  the  left  ethmoid  cells  (arrow)  and  air  collection  in 
orbit.  Soft- tissue  swelling  over  the  left  periorbital  area 


Fig.  8.35  Blowout  fracture,  extensive  with  fractures  of  the  maxillary 
wall  and  nasal  bone;  15 -year-old  male  with  trauma  to  the  left  face  and 
eye;  now  to  postoperative  examination  of  bone  graft  from  calvarial 
bone.  (A)  Coronal  CT  image  shows  fractures  of  the  left  orbital  floor  and 


medial  and  superior  walls  (arrows),  some  air  collection  in  orbit,  and 
soft-tissue  swelling  in  ethmoid  cells,  nasal  cavity,  and  maxillary  sinus. 
(B)  Coronal  CT  image,  postoperative,  shows  normal  configuration  of 
the  left  orbit,  with  opacification  of  ethmoid  cells  and  maxillary  sinus 
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Abstract 

This  chapter  illustrates  isolated  disturbances;  cleft  palate/lip,  choanal  atresia,  torus  maxillaris, 
condylar  hyperplasia,  cherubism,  fibrous  dysplasia,  TMJ  fracture/infection  complication.  TMJ 
internal  derangement  complication,  and  juvenile  idiopatic  arthritis,  and  syndromes;  Down  syn¬ 
drome,  premature  cranial  synostoses,  non-synostotic  occipital  plagiocephaly,  Turner  syndrome, 
Hemifacial  microsomia,  Treacher  Collins  syndrome,  Crouzon  syndrome,  Apert  syndrome, 
Achondroplasia,  Pyknodysostosis,  and  Ectodermal  dysplasia,  and  miscellaneous  conditions. 


9.1  Introduction 

A  number  of  growth  disturbances  may  occur  of  the  facial 
bones,  of  which  some  are  rather  frequent  and  may  have  an 
obvious  impact  on  facial  appearance  and  vital  functions. 
Jaws  and  dentitions  may  be  involved.  Thus,  such  anomalies 
are  of  great  interest  to  dental  professionals. 

Advanced  imaging  evaluation  is  necessary,  and  in  particu¬ 
lar  3D  CT  imaging  is  increasingly  used  to  assess  growth  dis¬ 
turbances  of  this  complicated  anatomic  region.  The 
visualization  of  bone  (and  skin)  morphology  is  superior  to 
different  series  of  2D  images  although  some  detail  is  lost  as 
part  of  the  smoothing  algorithm  used.  This  chapter  illustrates 
a  number  of  cases,  frequently  with  3D  CT  images.  A  combi¬ 
nation  of  3D  for  overview  with  2D  images  for  bony  details 
represents  up-to-date  imaging  of  facial  growth  disturbances. 


9.2  Isolated  Disturbances 

A  number  of  isolated  growth  disturbances  may  occur  in  the 
facial  skeleton. 


9.3  Common  Cleft  Palate  and/or  Cleft  Lip 

Figs.  9.1,  9.2,  and  9.3 


In  collaboration  with  S.  I.  Blaser,  N.  Kakimoto. 


9.3.1  Definition 

Congenital  defect  involving  lip  only,  lip  and  palate,  or  palate 

only. 

9.3.2  Clinical  Features 

-  Most  common  facial  birth  defect;  cleft  lip  with  or  without 
cleft  palate  in  about  1  per  1000  live  births  (range 
0.7-1. 3) 

-  More  common  in  American  Indians  and  Japanese  and  less 
common  in  blacks 

-  Almost  99%  of  all  facial  clefts 

-  Isolated  cleft  palate  less  frequent 

-  Most  often  unilateral 

-  Males  more  frequent  than  females  in  severe  cases 

-  50-70%  of  patients  are  nonsyndromic 

-  Part  of  more  than  300  recognized  entities 

-  Obvious  esthetic  and  functional  problems  such  as  insuf¬ 
ficient  suction  for  feeding 

9.3.3  Imaging  Features  (Bone  Structures) 

-  The  maxillary  alveolar  process  is  split  in  lateral  incisor 
region,  either  unilaterally  or  bilaterally 

-  The  anterior  hemimaxilla  shows  narrowed  curvature  and 
upward  tilting  of  premaxillary  segment  on  the  cleft  side 


©  Springer  International  Publishing  AG  2018 

T.A.  Larheim,  P.-L.A.  Westesson,  Maxillofacial  Imaging,  https://doi.org/10.1007/978-3-319-53319-3_9 


313 


314 


9  Facial  Growth  Disturbances 


Palatal  end  of  the  nasal  septum  on  the  cleft  side,  anterior 
nasal  spine  on  contralateral  side  in  unilateral  clefts 
Partial  or  complete  bony  defect  with  corticated  margins  of 
the  alveolar  ridge  and  hard  palate 


In  newborns;  premaxilla  “loosened”  from  the  remaining 

maxilla  in  bilateral  cases 

Variable  degrees  of  midfacial  hypoplasia 

Teeth  missing,  deformed,  displaced,  or  supernumerary 


Fig.  9.1  Cleft  lip  and  palate,  bilateral;  1 -day-old  male  with  multiple 
congenital  anomalies  (syndromic  features).  (A)  Lateral  CT  scout  image 
shows  dislocation  of  premaxilla  (arrow).  (B)  3D  CT  image  shows  bilat¬ 
eral  maxillary  cleft  (arrow)  and  mandibular  midline  cleft  as  well 


(arrowhead).  Single  nasal  bone  (which  usually  indicates  intracranial 
abnormalities  in  patients  with  midline  anomalies).  (C)  Coronal  CT 
image  shows  bilateral  maxillary  cleft  (arrows) 


9.3  Common  Cleft  Palate  and/or  Cleft  Lip 
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Fig.  9.2  Cleft  palate,  unilateral;  11 -year-old  male  with  untreated 
deformity.  (A)  3D  CT  image  shows  cleft  on  left  side  {arrow).  Note  the 
nasal  septum  deviating  to  the  cleft  side  (< arrowhead )  and  the  anterior 
nasal  spina  {small  arrowhead )  deviating  to  the  non-cleft  side.  (B) 


Coronal  CT  image  shows  cleft  through  alveolar  process  and  nasal  cav¬ 
ity  {arrow).  (C)  Axial  CT  image  shows  that  cleft  is  corticated  and  com¬ 
pletely  through  palate  {arrows) 
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Fig.  9.3  Cleft  palate,  midline;  31 -year-old  male  with  untreated  defor¬ 
mity.  (A)  3D  CT  image,  en  face  view,  shows  almost  symmetric  cleft 
(arrow)  with  premaxillary  segment  and  incisors  absent.  Narrow  nasal 
bone.  (B)  3D  CT  image,  lateral  view,  shows  hypoplastic  maxilla 


9.4  Choanal  Atresia 

Fig.  9.4 

9.4.1  Definition 

Congenital  anomaly  of  occluded  posterior  choana  (either 
bony  or  membranous)  with  no  communication  between  nasal 
cavity  and  nasopharynx  on  one  or  both  sides. 

9.4.2  Clinical  Features 

-  Incidence  about  1  per  5000-7000  births 

-  20-50%  of  patients  have  other  congenital  anomalies  such 
as  cleft  palate  and  a  syndrome 


(arrow).  (C)  Axial  CT  shows  large,  complete  defect  (arrow).  (D) 

Coronal  CT  image  shows  soft- tissue  lining  to  nasal  cavity  (arrow), 

mucosal  thickening  in  ethmoid  sinuses,  and  minimal  mucosal  thinning 

in  maxillary  sinuses 

-  Males  more  frequent  than  females 

-  Present  at  birth  with  immediate  respiratory  distress,  in 
particular  if  bilateral  since  neonates  are  obligate  nose 
breathers  and  cannot  feed  because  a  patent  nose  is  neces¬ 
sary  to  breathe  during  feeding 

-  Nasal  stuffiness  and  mucoid  discharge.  Mucus  in  poste¬ 
rior  nasal  cavity  can  simulate  a  membrane 

9.4.3  Imaging  Features 

-  Bony  plate  (80-90%)  or  membranous  web  (10-20%) 
between  the  vomer  and  lateral  nasal  wall 

-  Bony  thickening  of  the  posterolateral  nasal  wall  and  pos¬ 
terior  vomer,  narrowing  of  posterior  nasal  cavity 

-  Two-thirds  are  unilateral 


9.6  Condylar  Hyperplasia 
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Fig.  9.4  Choanal  atresia;  7-year-old  female  presented  with  chronic  left 
nasal  obstruction.  (A)  Axial  CT  image  shows  bony  plate  between  the 
posterior  vomer  and  posterior  lateral  nasal  wall  (arrow)  and  probable 


mucus  plug  in  the  nasal  cavity.  (B)  Axial  CT  image,  more  caudal  sec¬ 
tion,  shows  a  very  thin  bony  plate  (arrow) 


9.5  Torus  Maxillaris,  Palatinus, 
and  Mandibularis 

Fig.  9.5 

9.5.1  Definition 

Hyperostosis  of  normal  cortical  and  medullary  bone. 


9.5.2  Clinical  Features 

-  Torus  palatinus:  midline  of  hard  palate  along  intermaxil¬ 
lary-interpalatine  suture;  nasal  aspect  of  palate  never 
affected 

-  Torus  maxillaris:  alveolar  process  either  on  buccal  aspect 
(externus)  or  on  palatal  aspect  (internus);  frequently 
bilateral  and  usually  in  premolar  area;  single  or  multiple 
(most  frequent) 

-  Torus  mandibularis:  alveolar  process  on  lingual  aspect  in 
premolar  area;  frequently  bilateral  (80%);  single  or  multiple 


Fig.  9.5  Torus  maxillaris;  50-year-old  male  with  incidental  finding. 
Clinical  photo  shows  multiple  buccal  exostoses  of  the  right  maxilla 
(arrow),  similar  on  the  left  side  (not  shown) 


-  Only  about  2%  in  newborns,  increasing  incidence  with  age 

-  Growth  with  individual  up  to  20-30  years;  usually  notice¬ 
able  in  adult  age 

-  Females  more  frequent  than  males 
See  also  Chap.  3 


9.5.3  Torus  Palatinus 


9.6  Condylar  Hyperplasia 


-  Found  in  at  least  20%  of  a  general  US  population 

-  Highly  variable  incidence  in  diverse  ethnic  populations; 
high  in  Amerindians  and  Alaskan  Eskimos 

-  Inherited  anomalies  documented;  40-60%  chance  of 
occurrence  with  one  or  both  affected  parents  compared 
with  5-8%  chance  with  unaffected  parents 


Fig.  9.6 


9.6.1  Definition 

Unilateral  overgrowth  of  mandibular  condyle. 
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Fig.  9.6  Condylar 
hyperplasia;  23-year-old 
female  with  facial  asymmetry 
and  dental  malocclusion. 
Panoramic  view  shows 
enlarged  right  mandibular 
condyle  and  neck  (arrow)  as 
well  as  enlarged  mandibular 
body  (other  images  of  this 
patient  in  Fig.  6.57) 


9.6.2  Clinical  Features 

-  Facial  asymmetry;  right  or  left  side  equally  often 

-  Frequently  noticeable  in  the  third  decade 

-  Females  more  frequent  than  males 

-  Dental  malocclusion 

9.6.3  Imaging  Features 

-  Unilaterally  enlarged  condyle  in  cranial  direction 

-  Entire  mandible  on  one  side  my  also  become  enlarged; 
hemifacial  hypertrophy  (hyperplasia),  which  may  be 
present  at  birth  or  later 

See  also  Chap.  6 


9.7  Cherubism 

Fig.  9.7 

9.7.1  Definition 

Hereditary  condition  characterized  by  progressive  bilateral 
swelling  of  the  mandibular  angles  during  childhood,  histo- 
pathologically  similar  to  giant  cell  granuloma. 


9.7.2  Clinical  Features 

-  Sporadic  cases  reported 

-  Usually  detected  during  early  childhood  around  4  years  of 
age 

-  Symmetric  and  painless,  rarely  unilateral 

-  Occasionally  also  maxilla;  tuberosities 

-  No  other  parts  of  skeleton  involved 

9.7.3  Imaging  Features 

-  Bilateral  multilocular  radiolucencies;  jaw  expansion  may 
be  extensive 

-  Displacement  of  mandibular  canals 

-  Usually  not  condyle  regions 

-  Displacement  of  the  teeth  mesially,  problematic  eruption 

-  Premature  exfoliation  of  the  primary  teeth 

See  also  Chap.  3 


9.8  Fibrous  Dysplasia 


319 


Fig.  9.7  Cherubism;  6-year-old  male  with  gradually  increasing  swell¬ 
ing  of  the  face  and  mandible  bilaterally.  (A)  Clinical  photograph  shows 
bifacial  swelling  (arrows).  (B)  Axial  CT  image  shows  expanded  jaw 


9.8  Fibrous  Dysplasia 

Fig.  9.8 

9.8.1  Definition 

Benign  skeletal  disorder;  medullary  bone  replaced  by  meta¬ 
plastic  fibrous  tissue. 

9.8.2  Clinical  Features 


radiolucencies  bilaterally  (arrows).  (C)  Coronal  CT  image  confirms 
bilateral  jaw  expansion  (arrows).  Note  also  bilateral  expansion  of  the 
maxilla  (arrowheads) 


-  Most  common  benign  skeletal  disorder 

9.8.3  Imaging  Features 

-  Bone  deformity  may  be  extensive 

-  Radiolucent  and/or  radiopaque  bone 

-  Ground-glass  appearance  characteristic;  thick  and  scle¬ 
rotic  bone 

See  also  Chap.  3 


-  Painless  increasing  bone  deformity 
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Fig.  9.8  Craniofacial  fibrous  dysplasia;  11 -year-old  female  with  pain¬ 
less  gradually  increasing  swelling  of  the  right  face  and  mandible. 

(A)  Axial  CT  image  shows  typical  ground-glass  appearance  of  evidently 
expanded  right  maxilla  (arrow)  and  of  the  right  mandible  (arrowhead). 

(B)  Axial  CT  image  shows  ground-glass  appearance  of  the  entire  right 
mandibular  body  (arrow)  and  also  in  the  minor  part  of  the  left  mandible 


(arrowhead).  (C)  3D  CT  image,  en  face  view,  shows  evident  growth 
deformity  of  the  right  maxilla  and  zygoma  (arrow),  right  temporal  bone 
(arrowhead),  and  right  mandible  (small  arrowhead).  (D)  3D  CT  image, 
right  side,  shows  growth  deformity  of  the  temporal  bone  (arrow), 
zygoma  (arrowhead),  and  mandible  (small  arrowhead).  (E)  3D  CT 
image,  axial  view,  shows  growth  deformity  of  the  left  occiput  (arrow) 


9.9  Mandibular  Neck/TMJ  Fracture  or  TMJ  Infection  Complication 


321 


Fig.  9.8  (continued) 


9.9  Mandibular  Neck/TMJ  Fracture  or  TMJ 
Infection  Complication 

Figs.  9.9  and  9.10 

Fractures  or  infections  may  lead  to  growth  disturbances 
when  they  occur  in  younger  patients  and  are  not  treated  prop¬ 
erly;  in  adults  fractures  may  lead  to  dental  occlusion 
problems  such  as  open  bite  (see  Fig.  8.19)  or  restricted 
mouth-opening  capacity  due  to  contact  between  the  coronoid 
process  and  fractured  zygomatic  arch. 


-  Dental  malocclusion 

-  Variable  restricted  mouth-opening  capacity 

-  Deviation  of  mandible  on  opening 

9.9.2  Imaging  Features 

-  TMJ  deformity  or  fibro-osseous  ankylosis  (see  Chap.  6) 


9.9.1  Clinical  Features 

-  Micrognathic  growth;  bilateral  complication 

-  Mandibular  asymmetric  growth;  unilateral  complication 
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Fig.  9.9  Facial  asymmetry;  15-year-old  male  with  previous  trauma  to 
the  mandible.  (A)  3D  CT  image,  en  face  view,  shows  evident  mandibu¬ 
lar  asymmetry  with  antegonial  notching  (arrow)  of  abnormal  side. 

(B)  3D  CT  image,  lateral  view,  shows  normally  developed  right  mandible. 

(C)  3D  CT  image,  lateral  view,  shows  underdeveloped  left  mandible. 
Note  the  large  coronoid  process  (arrow)  compared  to  contralateral  nor¬ 
mal  side.  (D)  Oblique  coronal  CT  image,  mid-condyle  section  (left); 


oblique  sagittal  CT  image,  mid-condyle  section  (central);  and  oblique 
sagittal  CT  image,  lateral  section  (right),  of  the  left  TMJ  show  deformed 
condyle  and  fossa,  flattened  with  cortical  irregularities  (arrow). 
(E)  Oblique  coronal  CT  image,  mid-condyle  section  (left),  and  oblique 
sagittal  CT  image,  mid-condyle  section  (right),  of  the  right  TMJ  show 
normal  bone  and  well-developed  fossa  (arrow) 


9.9  Mandibular  Neck/TMJ  Fracture  or  TMJ  Infection  Complication 
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Fig.  9.9  (continued) 
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Fig.  9.1 0  Mandibular  underdevelopment;  7-year-old  male  with  history 
of  septic  arthritis  at  birth  with  subsequent  osteomyelitis  and  surgery  of 
hips,  now  with  gradually  inhibited  mandibular  growth  and  mouth¬ 
opening  capacity  (27  mm).  (A)  Lateral  view  shows  mandibular  retrog- 


nathia  (arrow)  with  some  asymmetry.  (B)  Sagittal  CT  image  shows 
severe  dental  malocclusion  (arrow).  (C)  Coronal  CT  image  shows  bilat¬ 
erally  deformed  TMJs  but  no  ankyloses  (arrows) 


9.11  Juvenile  Idiopathic  Arthritis 


325 


9.10  TMJ  Internal  Derangement 
Complication 

There  is  evidence  that  anterior  disc  displacement  with 
accompanying  joint  abnormalities  (but  without  fractures)  in 
younger  age  groups  may  have  an  impact  on  mandibular 
growth. 

See  Chap.  6 


9.1 1  Juvenile  Idiopathic  Arthritis 

Figs.  9.11  and  9.12 

9.11.1  Definition 

Inflammatory  synovial  disease  that  attacks  children  before 
16  years  of  age. 

9.11.2  Clinical  Features 

-  Micrognathia,  but  compensatory  growth  of  the  anterior 
part  of  mandible 


-  Facial  asymmetry 

-  More  frequent  in  those  with  early  onset  and  polyarticular 
disease;  in  particular  with  a  disease  course  from  pau- 
ciarticular  (four  or  fewer  joints)  to  polyarticular  (five  or 
more  joints) 

-  Females  more  frequent  than  males 

9.11.3  Imaging  Features 

-  TMJ  abnormalities;  bilateral  in  micrognathia  cases 

-  Unilateral  TMJ  abnormalities,  or  more  severe  on  one  side, 
in  mandibular  asymmetry  cases 

-  Abnormal  condyle;  hypoplastic,  flat 

-  Abnormal  fossa;  flat 

See  also  Chap.  6 


Fig.  9.1 1  Micrognathia; 
28-year-old  female  with 
juvenile  idiopathic  arthritis 
presenting  before  the  age  of 
4  years  and  now  with  severe 
bilateral  TMJ  abnormalities. 
Lateral  view  shows  severely 
underdeveloped  mandible  with 
bilateral  notching  (arrow). 
Note  atlantoaxial  dislocation 
and  bony  ankylosis  of  the 
cervical  spine  and  surgical 
fixation  of  the  spine  to  the 
skull 
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Fig.  9.1 2  Retrognathia,  slight  micrognathia,  and  facial  asymmetry; 
35 -year-old  female  with  juvenile  idiopathic  arthritis  from  early  child¬ 
hood.  (A)  Posteroanterior  view  shows  asymmetric  mandible  (< asterisk 
midpoint  of  the  chin)  with  deviation  to  the  right  side  on  the  mouth 
opening  (arrow  midline  of  the  maxilla).  (B)  Panoramic  view  shows 
mandibular  asymmetry  with  most  underdevelopment  and  antegonial 
notching  (arrow)  on  the  right  side  and  bilateral  condyle  abnormalities 
(arrowheads)  with  most  severe  abnormalities  of  the  right  joint.  (C)  CT 


images,  oblique  coronal  (upper)  and  oblique  sagittal  (lower)  views,  of 
the  right  TMJ  show  deformed,  flattened  condyle  and  fossa  with  cortical 
(irregular)  outline  (arrow).  (D)  CT  image,  oblique  coronal  (upper)  and 
oblique  sagittal  (lower)  views,  of  the  left  TMJ  show  deformed  condyle 
and  fossa,  but  less  pronounced  than  in  the  contralateral  joint.  Note  also 
sclerosis  both  in  the  condyle  and  fossa  (arrows),  indicating  secondary 
osteoarthritis 


9.13  Down  Syndrome 
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9.12  Syndromes 

A  number  of  syndromes  may  have  facial  growth  disturbances 
as  part  of  their  anomalies. 


9.1 3  Down  Syndrome 

Figs.  9.13  and  9.14 

9.13.1  Clinical  Features 

-  Most  common  genetic  syndrome;  incidence  about  1  per 
650  live  births,  but  highly  variable  in  different  popula¬ 
tions  (1/600-1/2000) 

-  High  association  with  increased  maternal  age 

-  Muscular  hypotonia,  large  tongue 

-  Hyperextensibility  of  joints 


-  Short  stature 

-  Cardiovascular  anomalies 

-  Mental  retardation 

-  Flattened  facial  profile  and  occiput 

-  Hypodontia 

-  Airway  and  hearing  problems 

-  Average  life  expectancy  less  than  half  normal 


9.13.2  Imaging  Features 

-  Midfacial  hypoplasia 

-  Flattened  nose  bridge 

-  Maxillary  sinus  hypoplasia;  absent  frontal  and  sphenoid 
sinuses 

-  Relative  mandibular  prognathism 

-  Ear  abnormalities 

-  Atlantoaxial  dislocation 


Fig.  9.1 3  Down  syndrome;  16-year-old.  (A)  Axial  CT  image  shows  hypoplastic,  retruded  left  maxilla  (arrow).  (B)  Coronal  CT  image  shows 
hypoplastic  left  maxillary  sinus  (arrow) 
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Fig.  9.1 4  Down  syndrome;  4-year-old.  (A)  Axial  CT  image  shows  vestibular  dysplasia  (arrows).  (B)  Axial  CT  image  shows  stenosis  of  external 
auditory  canal  (arrow).  (C)  3D  CT  image  shows  C1-C2  dislocation  (arrow) 


9.1 4  Premature  Cranial  Synostoses 

Fig.  9.15 

9.14.1  Definition 

Premature  fusion  of  one  or  more  cranial  sutures  resulting  in 
abnormal  skull  shape. 

9.14.2  Clinical  Features 


-  Classic  types:  scaphocephaly,  plagiocephaly  (anterior  or 
posterior),  brachycephaly,  trigonocephaly,  oxycephaly 
(turricephaly),  cloverleaf  skull 

-  Only  15%  syndromic  (see  Syndromic  Craniosynostoses) 

9.14.3  Imaging  Features 

-  Premature  cranial  suture  closure;  sagittal  synostosis 
(scaphocephaly)  and  unilateral  coronal  synostosis 
(plagiocephaly)  most  frequent 

-  Cranial  deformity  of  variable  degree 


-  Estimated  incidence  up  to  1  per  2000  live  births 

-  Mostly  isolated  (85%) 


9.15  Non-synostotic  Occipital  Plagiocephaly 
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Fig.  9.1 5  Premature  unilateral  synostosis,  7-month-old  male.  (A)  3D 
CT  image  shows  closure  of  the  right  side  of  the  coronal  suture  but  left 
side  open  (arrow),  as  is  sagittal  suture  ( large  arrowhead).  Anterior  fon- 
tanelle  open  and  metopic  suture  closed  but  can  be  seen  (small  arrow¬ 


head).  Asymmetric  deformity  of  the  anterior  part  of  the  head.  (B)  3D 
CT  image  shows  evident  asymmetry  of  the  right  and  left  orbita  (arrow) 
due  to  the  abnormal  growth 


9.15  Non-synostotic  Occipital  were,  however,  not  associated  with  true  craniosynostosis 

Plagiocephaly  caused  by  premature  closure  of  the  lambdoid,  but  rather  were 

secondary  to  unilateral  head  position  during  sleep. 

Fig.  9.16 


9.15.1  Definition 

Traditionally  occipital  plagiocephaly  has  been  associated 
with  lambdoid  craniosynostosis,  but  when  the  American 
Academy  of  Pediatricians  in  1992  suggested  supine  sleeping 
position  for  neonates,  the  incidence  of  “occipital  plagioceph¬ 
aly”  increased  dramatically.  The  majority  of  these  cases 


9.15.2  Clinical  Features 

-  Positional  molding 

-  Deformational  plagiocephaly;  flat  asymmetric  head 

-  Patent  lambdoid  suture 

-  Treatment  not  surgical,  rather  molding  of  head  with  hel¬ 
mets  and  changing  sleeping  position 
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Fig.  9.16  Occipital  plagiocephaly  unrelated  to  craniosynostosis;  pat¬ 
ent  lambdoid  suture.  (A)  Baby  sleeping  supine  on  one  side.  (B)  3D  CT 
image  shows  flat  head.  (C)  Axial  CT  image  shows  patent  suture  (arrow) 


9.1 6  Turner  Syndrome 

Fig.  9.17 

9.16.1  Clinical  Features 

-  Incidence  about  1  per  2500  live  female  births 

-  Sex  chromosome  anomaly;  only  females 

-  Short  stature 

-  Webbed  neck 

-  Absent  secondary  sex  characteristics 

-  Heart  defects 


but  left  occipital  plagiocephaly.  (D)  Axial  CT  image  shows  complete 
closure  of  lambdoid  suture  (arrow)  representing  true  lambdoid  cranio¬ 
synostosis  from  different  patients  for  comparison 

-  Mental  deficiency;  not  consistently 

-  High  palate 

-  Hypertelorism 

9.16.2  Imaging  Features 

-  Facial  retrognathism 

-  Small  mandible 

-  Delayed  fusion  of  epiphyses 

-  Hypoplasia  of  odontoid  process  of  C2 

-  Short  metacarpals 


9.18  Goldenhar  Syndrome 
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Fig.  9.1 7  Turner  syndrome;  10-year-old.  (A)  Lateral  view  shows  facial  stick  distal  phalanges,  slender  shaft  and  large  distal  heads  (arrow),  pha- 
retrognathism  (arrow),  bridged  sella  (large  arrowhead)  and  odontoid  langeal  predominance  (proximal  phalanges  dominate  over  metacarpals 
hypoplasia  (small  arrowhead).  (B)  Hand  view  shows  shortening  of  the  in  length) 
fourth  finger  due  to  the  short  fourth  metacarpal  bone  (asterisk),  drum- 


9.1  7  Goldenhar  Oculoauriculovertebral 

(OAV)  Spectrum 

9.17.1  Definition 

Heterogeneous  and  complex  group  of  overlapping  condi¬ 
tions  with  ocular,  auricular,  vertebral,  and  facial  anoma¬ 
lies  from  first  and  second  branchial  arches;  Goldenhar 
first  described  the  triad  of  ocular,  auricular,  and  mandibu¬ 
lofacial  dysostosis  in  1952,  today  known  as  Goldenhar 
syndrome.  Later,  cases  with  vertebral  anomalies,  as  well 
as  unilateral  facial  hypoplasia,  previously  named  hemifa¬ 
cial  microsomia,  have  been  included  in  the  expanded  OAV 
complex.  Up  to  about  80%  of  OAV  complex  cases  are 


sporadic.  Extreme  variability  of  expression  is 
characteristic. 


9.1 8  Goldenhar  Syndrome 

9.18.1  Clinical  Features 

-  Unilateral  facial  hypoplasia 

-  Ear  anomalies;  external  and  middle  ear  frequent,  inner  ear 
at  least  6% 

-  Seven  nerve  palsy  frequent 

-  Eye  anomalies;  dermoid  of  eyeball,  coloboma  (vertical 
fissure  of  eyelid) 

-  Variable  vertebral  anomalies  may  occur 
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9.1 9  Hemifacial  Microsomia 

Figs.  9.18  and  9.19 

9.19.1  Clinical  Features 

-  Second  most  common  facial  birth  defect  after  cleft  palate/ 
lip;  about  1  per  5000  live  births,  but  variable  frequencies 
reported 

-  Males  more  frequent  than  females 

-  Most  frequent  syndrome  from  first  and  second  branchial 
arches 

-  May  not  be  appreciable  in  infancy;  usually  evident  by  the 
age  of  about  4  years 


-  Facial  asymmetry  and  ear  anomalies  are 
characteristic 

-  Right  side  facial  underdevelopment  more  frequent  than 
the  left  side 

-  Skin  tags  between  the  ear  and  comer  of  the  mouth 

-  Seven  nerve  palsy  frequent 

-  Dental  malocclusion,  hypodontia 

-  Plagiocephaly  in  10% 

-  Bifacial  microsomia  has  been  reported 

9.19.2  Imaging  Features 

-  Underdeveloped  mandible  without  mandibular  condyle 

-  Flat  zygomatic  arch  without  glenoid  fossa;  may  be  absent 

-  Auricular  malformations 


Fig.  9.1 8  Hemifacial  microsomia;  17-year-old  male;  pre-  and  postop- 
eratively.  (A)  3D  CT  image,  en  face  view,  shows  facial  asymmetry  due 
to  right- sided  mandibular  hypoplasia.  (B)  3D  CT  image,  lateral  view, 
shows  right-sided  zygomatic  arch  without  glenoid  fossa  (arrow)  and 
hypoplastic  mandible  without  mandibular  condyle  (arrowhead).  Note 
orthodontic  braces  on  the  teeth.  (C)  3D  CT  image,  lateral  view,  shows 
normal  left  side  for  comparison.  (D)  Axial  CT  image,  soft  tissue,  shows 
severe  atrophy  of  the  right  masseter  muscle  (arrow)  compared  to  nor¬ 
mal  left  side.  (E)  Coronal  CT  image,  soft  tissue,  shows  severe  atrophy 
of  the  masseter  muscle  (arrow)  and  temporalis  muscle  (arrowhead) 


compared  to  normal  left  side.  (F)  3D  CT  image,  postoperative  lateral 
view,  shows  right-sided  fibula  graft  with  miniplates  and  screws  to  rein¬ 
force  the  created  mandibular  angle  of  the  graft  (arrow).  Note  also  mini¬ 
plates  and  screws  after  LeFort  1  osteotomy  (arrowhead).  (G)  3D  CT 
image,  postoperative  en  face  view,  shows  osteotomy  of  the  left  mandi¬ 
ble  with  miniplate  fixation  (arrow)  to  obtain  symmetric  facial  skeleton. 
(H)  3D  CT  image,  postoperative  lateral  view,  shows  osteotomy  correc¬ 
tion  of  normal  left  side  with  miniplates  (arrow).  (I)  Coronal  CT  image, 
postoperative  view,  shows  fibula  graft  “articulating”  against  infratem¬ 
poral  fossa  (arrow) 


9.19  Hemifacial  Microsomia 
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Fig.  9. 1 8  (continued) 
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Fig.  9.19  Hemifacial  microsomia;  4-year-old  male  with  multiple  arch  (arrow).  (B)  3D  CT  image,  lateral  view,  shows  normal  right  side 
anomalies  including  cleft  palate  and  lip.  (A)  3D  CT  image,  lateral  view,  for  comparison 
shows  left-sided  severely  hypoplastic  mandible  and  absent  zygomatic 


9.20  Treacher  Collins  Syndrome 
(Mandibulofacial  Dysostosis) 


Figs.  9.20  and  9.21 


9.20.1  Clinical  Features 


Micrognathia  (“bird  face”);  symmetric  underdevelop¬ 
ment  of  the  mandible 

Antimongoloid  angulation  of  palpebral  fissures  with  ver¬ 
tical  notching  or  coloboma  of  outer  parts 
Absence  or  deficiency  of  medial  eyelashes 
Flattening  of  cheeks 

Ear  tags  between  tragus  and  angle  of  mouth  may  occur 


Syndrome  from  first  and  second  branchial  arches;  about  1 
per  50,000  live  births 


9.20  Treacher  Collins  Syndrome  (Mandibulofacial  Dysostosis) 
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9.20.2  Imaging  Features 

-  Mandibular  hypoplasia;  very  short  rami,  bilateral  antego- 
nial  notching,  compensatory  growth  of  anterior  part 

-  Dental  malocclusion 

-  Bilateral  hypoplasia  or  agenesia  of  the  malar  bone 


Malformation  of  the  external  and  middle  ear 
Disproportionately  small  facial  bones 
Paranasal  sinuses  often  small,  may  be  absent 
Lacrimal  duct  atresia 
Narrow  palate 

Cleft  palate  in  about  one-third 


Fig.  9.20  Treacher  Collins  syndrome;  newborn  with  respiratory  dis-  severe  micrognathia  (arrow).  (C)  3D  CT  image,  lateral  view,  shows 
tress.  (A)  Lateral  view  shows  very  small  and  retruded  mandible  (arrow)  absent  zygoma  (arrow) 
and  airway  tube.  (B)  3D  CT  image  of  the  skin,  lateral  view,  shows 
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Fig.  9.21  Treacher  Collins  syndrome;  4-year-old  male.  (A)  3D  CT 
image  of  the  left  side  shows  an  underdeveloped  mandible  with  antego- 
nial  notching  and  part  of  zygoma  with  zygomatic  arch  absent  (arrow); 
micrognathia  with  open  bite  and  small  facial  skeleton  compared  to  the 


9.21  Syndromic  Craniosynostoses 
(Craniofacial  Dysostoses) 

9.21.1  Definition 

Group  of  syndromes  showing  both  premature  synostoses  as 
a  prominent  feature  and  facial  growth  disturbances;  about 
15%  of  all  craniosynostoses. 

More  than  100  such  syndromes  are  recognized,  but 
Crouzon  is  probably  best  known  because  craniofacial  dysos¬ 
tosis  is  frequently  used  synonymously  with  this  syndrome. 


9.22  Crouzon  Syndrome 

Figs.  9.22  and  9.23 

9.22.1  Clinical  Features 

-  Most  frequent  craniofacial  dysostosis;  about  1  per  25,000 
births 

-  About  one-half  are  familial  and  one-half  are  sporadic 


skull.  (B)  3D  CT  image  of  right  side;  similar  absence  of  zygoma 
(arrow)  and  appearance  of  the  mandible  as  contralateral  side,  except 
less  developed  condylar  process 


-  Absence  of  major  limb  abnormalities 

-  Oxycephaly 

-  Hypertelorism,  exorbitism 

-  Shallow  orbits 

-  Midfacial  hypoplasia;  relatively  prominent  mandible 

9.22.2  Imaging  Features 

-  Oxycephaly 

-  Bilateral  coronal  synostosis  with  brachycephaly  but  also 
sagittal  synostosis  with  narrowing  in  transverse 
dimension 

-  Hypertelorism,  exorbitism 

-  Shallow  orbits 

-  Maxillary  hypoplasia 

-  Partial  obstruction  of  nasal  passages,  narrow  palate 

-  Relative  mandibular  prognathism 

-  Cervical  spine  abnormalities;  C2-C5  fusion  40% 

-  Calcification  of  stylohyoid  ligament,  50% 

-  Intracranial  anomalies  common,  including  venous  drain¬ 
age  and  hydrocephalus 


9.22  Crouzon  Syndrome 
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Fig.  9.22  Crouzon  syndrome;  2-year-old.  (A)  3D  CT  image,  oblique  view,  shows  superior  elongation  of  the  skull  and  typically  “opened  mouth.” 
The  maxilla  and  zygomas  are  hypoplastic.  (B)  3D  CT  image,  lateral  view,  shows  maxillary  hypoplasia  (arrow) 


Fig.  9  .23  Crouzon  syndrome;  3-year-old.  (A)  3D  CT  image  of  the  with  exorbitism  and  apparently  enlarged  optic  nerve  (arrow);  MRI 
skin,  en  face  view,  shows  hypertelorism,  exorbitism,  and  open  down-  would  probably  have  shown  prominent  perineural  subarachnoid  spaces 
turned  mouth.  (B)  Axial  CT  image,  soft  tissue,  shows  shallow  orbits  and  normal  nerves  bilaterally 
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9.23  Apert  Syndrome 

Fig.  9.24 

9.23.1  Clinical  Features 

-  Craniofacial  dysostosis;  about  1  per  100,000  births 

-  Most  cases  are  sporadic 

-  Many  similar  features  to  Crouzon  syndrome,  but  gener¬ 
ally  more  enhanced,  except  varying  degrees  of  syndactyly 
or  brachydactyly;  various  acrocephalosyndactyly  types 


-  Hearing  loss  common 

-  Cleft  palate  in  30-42% 

9.23.2  Imaging  Features 

-  Similar  skull  type  to  Crouzon  syndrome  but  more  severe 
abnormalities;  midfacial  hypoplasia  present  at  birth 

-  Choanal  stenosis  common 

-  Cervical  spine  abnormalities;  fusion  of  C5-C6  70% 

-  Calcification  of  stylohyoid  ligament  38-88% 

-  Intracranial  anomalies 


Fig.  9.24  Apert  syndrome;  6-month-old.  (A)  3D  CT  image,  lateral  view,  rior  fontanelle,  brachycephaly  with  fused  coronal  sutures  bilaterally, 
shows  oxycephaly  and  midfacial  hypoplasia  (arrow)  and  typically  (C)  Axial  CT  image  shows  vestibular  dysplasia  (arrows)  and  shallow  orbits 
“opened  mouth.”  (B)  3D  CT  image,  en  face  view,  shows  large,  open  ante-  (arrowheads).  (D)  Hand  view  shows  syndactyly  (fusion  of  fingers) 


9.24  Achondroplasia 
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9.24  Achondroplasia 

Figs.  9.25,  9.26,  9.27,  and  9.28 

9.24.1  Clinical  Features 

-  Familial  or  sporadic 

-  Most  common  form  of  dwarfism 

-  Defect  of  generalized  endochondral  osteogenesis 

-  Disproportionately  short  limbs 

-  Lumbar  lordosis 

-  Large,  brachycephalic  head  with  a  prominent  forehead 

-  Midfacial  underdevelopment 

-  Nasal  bone  deformed  (saddle  nose) 


-  Normal  lower  third  of  face;  relative  mandibular 
prognathism 

-  Occurs  in  several  dominant  disorders  often  associated 
with  neurologic  complications  such  as  hydrocephalus, 
brain  stem  compression,  and  small  foramina  magnum, 
which  can  result  in  sleep  apnea,  sudden  infant  death,  and 
spinal  cord  compression 

9.24.2  Imaging  Features 

-  Disproportionately  enlarged  calvaria 

-  Maxillary  retrognathia 

-  Saddle  nose 

-  Normal  mandible  due  to  periosteal  chondrogenesis 


Fig.  9.25  Achondroplasia;  newborn.  Lateral  view  shows 
midfacial  hypoplasia,  relative  mandibular  prognathism,  and 
large  tongue 
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Fig.  9.26  Achondroplasia;  3-month-old  female.  (A)  Sagittal  posterior  margin  of  foramen  magnum  (arrow)  with  decreased  compres- 
T2- weighted  MRI  shows  spinal  cord  narrowing;  at  foramen  magnum  sion  of  brain  stem/medulla/upper  cervical  spinal  cord 
(arrow).  (B)  Sagittal  T2- weighted  MRI  after  surgery  shows  removal  of 


Fig.  9.27  Achondroplasia;  7-month-old.  (A)  3D  CT  image,  en  face  (arrowhead).  (C)  3D  CT  image,  en  face  view,  shows  macrocephaly 
view  of  the  skin,  shows  saddle  nose  (arrow).  (B)  3D  CT  image,  lateral  with  parietal  prominence  and  open  anterior  fontanelle 
view  of  the  skin,  shows  saddle  nose  (arrow)  and  prominent  forehead 


9.24  Achondroplasia 


341 


Fig.  9.27  (continued) 


Fig.  9.28  Achondroplasia;  teenage.  (A)  3D  CT  lateral  view  of  the  skin  shows  midfacial  hypoplasia  and  saddle  nose.  (B)  3D  CT  image,  oblique 
view,  shows  maxillary  hypoplasia  (arrow)  and  short,  deformed,  depressed  nasal  bone  (arrowhead) 
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9.25  Pyknodysostosis 


9.25.2  Imaging  Features 


Fig.  9.29 

9.25.1  Clinical  Features 

-  Rare,  inherited  form  of  dwarfism 

-  Short  stature 

-  Dense,  fragile  bones 

-  Predisposed  to  osteomyelitis 


-  Open  fontanelles,  cranial  sutures 

-  Partial  agenesia  of  terminal  phalanges  of  hands  and 
feet 

-  Hypoplasia  of  maxilla,  mandible,  paranasal  sinuses 

-  Dense,  fractured  bones 

-  Abnormal  dental  eruption,  crowding  of  teeth 


Fig.  9.29  Pyknodysostosis;  9-year-old.  (A)  3D  CT  image,  oblique 
view,  shows  hypoplasia  of  the  maxilla  and  mandible  and  open  coronal 
suture  (arrow)  and  squamosal  suture  (arrowhead).  (B)  3D  CT  image, 
axial  view,  shows  wide  open  sagittal  suture  (arrow),  open  anterior  fon- 


tanelle,  and  open  lambdoid  sutures  (arrowheads).  (C)  Axial  CT  image 
shows  narrow,  dense  maxilla  and  crowded  teeth  (some  with  widened 
follicles);  incisors  almost  in  sagittal  line  (arrow) 


9.26  Ectodermal  Dysplasia 


343 


9.26  Ectodermal  Dysplasia 

Fig.  9.30 

9.26.1  Clinical  Features 

-  Developmental  abnormalities  of  ectodermal  tissues 

-  Many  types  with  various  inheritance  patterns 

-  Abnormal  hearing 

-  Abnormal  or  missing  sweat  glands 

-  Multiple  agenesia  of  teeth 


-  Poorly  developed  alveolar  processes 

-  Sebaceous  glands,  hair  follicles,  and  salivary  glands 
(xerostomia)  may  also  be  defective 

9.26.2  Imaging  Features 

-  Lack  of  tooth  germs  both  in  permanent  and  primary 
dentition 

-  Disproportionately  small  facial  skeleton  compared  with 
calvaria 

-  Mandible  anteriorly  rotated 


Fig.  9.30  Ectodermal  dysplasia;  3-year-old  female.  (A)  Lateral  view  upper  jaw  (arrow).  (C)  Axial  CT  image  shows  two  teeth,  possibly 

shows  only  a  couple  of  tooth  germs  (arrows)  in  the  anterior  maxilla  and  canines,  in  lower  jaw  (arrow).  (D)  3D  CT  image,  oblique  view,  shows 

mandible  and  poorly  developed  alveolar  processes  (as  if  they  were  old  underdeveloped  jaws  without  other  teeth 
and  atrophic).  (B)  Axial  CT  image  shows  two  teeth,  possibly  canines,  in 
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9.27  Miscellaneous  Conditions 

Figs.  9.31,  9.32,  and  9.33 


Fig.  9.31  Micrognathia,  bilateral  split  zygomatic  arch;  7-year-old 
female  with  retruded  mandible  and  mouth-opening  capacity  of  about 
30  mm.  (A)  3D  CT  image,  oblique  view  of  right  side,  shows  that  the 
zygomatic  arch  is  split  with  the  anterior  part  articulating  with  the  man¬ 
dible  (arrow).  (B)  3D  CT  image,  oblique  view  of  contralateral  side, 


shows  similar  deformities  (arrow).  (C)  3D  CT  image,  axial  view,  shows 
the  symmetric  deformity  (arrows).  (D)  3D  CT  image,  en  face  view, 
shows  the  posterior  “free”  part  of  the  split  zygomatic  arch  bilaterally 
(arrows) 


9.27  Miscellaneous  Conditions 
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Fig.  9.32  Facial  asymmetry,  unilateral  ankylosis,  and  absent  zygo¬ 
matic  arch;  8-year-old.  (A)  3D  CT  image,  lateral  view  of  right  side, 
shows  absent  zygomatic  arch  (arrow)  and  thus  no  glenoid  fossa;  anky¬ 
losis  between  mandible  and  remaining  abnormal  zygomatic  bone.  (B) 
3D  CT  image,  en  face  view,  shows  mandibular  asymmetry  and  open 


anterior  bite  and  some  maxillary  asymmetry  as  well.  (C)  Axial  CT 
image  shows  bony  union  between  mandible  and  zygomatic  bone 
(arrow).  (D)  3D  CT  image,  lateral  view  of  left  side,  shows  normal  zygo¬ 
matic  arch  but  coronoid  hyperplasia  (arrow),  probably  of  a  compensa¬ 
tory  nature 
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Fig.  9.33  Micrognathia,  coronoid  hyperplasia  with  blocking  on  mouth 
opening;  10-month-old.  (A)  3D  CT  image  of  skin  surface  shows  micro¬ 
gnathia  (“bird  face”).  (B)  3D  CT  image  shows  coronoid  hyperplasia 
(arrow).  (C)  3D  CT  image,  oblique  axial  view,  shows  that  both  coro¬ 


noid  processes  are  blocking  against  zygomatic  arch  (arrows).  (D) 
Segmented  3D  CT  image,  lateral  view  of  mandible,  shows  bilateral 
coronoid  hyperplasia  (arrow).  (E)  Segmented  3D  CT  image,  en  face 
view  of  mandible,  shows  bilateral  coronoid  hyperplasia  (arrows) 
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Abstract 

This  chapter  illustrates  inflammatory  diseases;  acute  and  chronic  sinusitis,  mucosal  imag¬ 
ing  finding  in  asymptomatic  individuals  (including  retention  cyst),  polyps,  mucoceles, 
granulomatosis  with  poly  angiitis  (previously  known  as  Wegener’s  granulomatosis),  inflam¬ 
matory  dental  conditions,  benign  tumors  and  tumor-like  conditions;  papilloma,  osteoma, 
fibrous  dysplasia,  nasolabial  cyst,  malignant  tumors;  squamous  cell  carcinoma,  adenocarci¬ 
noma,  lymphoma,  Ewing  sarcoma,  and  osteosarcoma,  expansile  odontogenic  conditions, 
and  miscellaneous  conditions. 


10.1  Introduction 

Diseases  of  the  paranasal  sinuses  are  common  and  may  cause 
symptoms  simulating  dental  disease.  Due  to  the  close  rela¬ 
tionship  between  the  dental  structures  and  the  sinuses,  it  may 
also  be  the  opposite:  dental  disease  causing  sinusitis.  Thus, 
diseases  of  the  paranasal  sinuses  are  important  both  in  medi¬ 
cine  and  dentistry.  Tumors  of  the  paranasal  sinuses  are  rare, 
but  may  present  with  oral  mucosa  or  dental  symptoms. 

Advanced  imaging  modalities  are  routinely  used  for  diag¬ 
nostic  assessment  of  paranasal  sinus  problems,  and  in  gen¬ 
eral  they  have  replaced  conventional  radiography.  CT  is  the 
primary  method  to  evaluate  diseases  of  the  paranasal  sinuses. 
MRI  is  used  as  a  supplement  primarily  to  determine  the 
extent  of  soft- tissue  abnormalities  extending  outside  the  con¬ 
finement  of  the  sinus  cavities.  In  this  chapter  we  present  a 
number  of  cases  illustrated  with  these  imaging  modalities  so 
professionals  in  the  dental  field  may  become  more  familiar 
with  the  different  conditions  and  their  imaging  appearances. 


1 0.2  Inflammatory  Diseases 

A  number  of  inflammatory  conditions  may  occur  in  the  para¬ 
nasal  sinuses. 


1 0.3  Acute  Rhinosinusitis 

Figs.  10.1,  10.2,  and  10.3 

10.3.1  Definition 

Acute  inflammation  in  nose  and  paranasal  sinuses. 

10.3.2  Clinical  Features 

-  One  of  the  most  common  medical  afflictions 

-  Viral  rhinosinusitis  most  common  (common  cold, 
influenza) 

-  Bacterial  rhinosinusitis  may  develop  secondarily 
( Haemophilus  influenzae ,  Streptococcus  pneumoniae) 

-  Pain  over  sinuses;  cheek,  frontal,  between  eyes,  or 
suboccipital 

-  Toothache,  teeth  tenderness  to  percussion;  more  than  one 
tooth  of  maxillary  lateral  segment(s) 

-  Headache  seldom 

-  Dental  etiology  in  10-20%;  larger  frequencies  have  been 
reported  depending  on  patient  materials 
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10.3.3  Imaging  Features 

-  Nodular  or  smooth  mucosal  thickening  or  complete  sinus 
opacification 

-  Contrast-enhanced  inflamed  mucosa  lining;  variable 
amounts  of  submucosal  edema  and  surface  secretions 


Air- fluid  level,  most  frequent  in  maxillary  sinus,  due  to 
bacterial  sinusitis  with  obstruction  of  ostium,  but  only  in 
25-50%  of  patients  with  this  disease 
T1 -weighted  MRI:  low  to  intermediate  signal 
T2-weighted  MRI:  high  signal  of  inflamed  mucosa  and  fluid 
T1 -weighted  post-Gd  MRI:  intense  enhancement  of 
inflamed  mucosa;  no  enhancement  of  fluid 


Fig.  1 0.1  Acute  rhinosinusitis  secondary  to  common  cold. 
Coronal  CT  shows  fluid  level  in  the  right  maxillary  sinus  (arrow), 
probably  also  in  the  left  sinus,  and  mucosal  thickening  of  ethmoid 
cells  bilaterally.  Normal  bone  structures 


Fig.  10.2  Acute  sinusitis;  37-year-old  female  with  a  history  of  LeFort 
I  osteotomy  now  with  facial  pain  and  swelling.  (A)  Coronal  CT  image 
shows  bilateral  osteotomies  through  the  maxilla  and  nasal  cavity 
(arrows)  and  mucosal  thickening  of  ethmoid  and  maxillary  sinuses  and 
nasal  cavity.  (B)  Coronal  CT  image,  soft-tissue  window,  shows  inflam¬ 


matory  tissue  penetrating  left  maxillary  osteotomy  being  responsible 
for  facial  swelling  (arrow).  Sinusitis  does  not  normally  cause  facial 
swelling,  but  since  there  was  a  passage  from  the  maxillary  sinus  to  the 
facial  soft  tissue  via  the  osteotomy  defect  in  this  patient,  facial  swelling 
resulted 


10.3  Acute  Rhinosinusitis 
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Fig.  10.3  Pansinusitis;  19-year-old  male  with  history  of  sinusitis  and  (asterisks).  (C)  Axial  CT  image  shows  complete  opacification  of  sphe- 
cough,  now  with  headache  and  eye  and  cheek  pain.  (A)  Axial  CT  image  noid  sinuses  (asterisks).  (D)  Axial  CT  image  shows  complete  opacifica- 
shows  complete  opacification  of  the  maxillary  sinuses  (asterisks).  (B)  tion  of  frontal  sinuses  (asterisks) 

Axial  CT  image  shows  complete  opacification  of  ethmoid  sinuses 
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10.4  Chronic  Sinusitis 

Figs.  10.4,  10.5,  10.6,  and  10.7 

10.4.1  Definition 

Develops  from  either  persistent  acute  inflammation  or 
repeated  episodes  of  acute  or  subacute  sinusitis: 

-  Allergic  sinusitis 

-  Vasomotor  rhinitis 

-  Fungal  sinusitis  (90%  Aspergillus  fumigatus',  may  be  ful¬ 
minant  and  invasive  in  immunosuppressed  patients) 


10.4.3  Imaging  Features 

-  Varying  mucosal  swelling,  smooth  or  irregular  swelling 
due  to  edema  and  secretion 

-  Thickened,  sclerotic,  fibrotic  sinus  walls,  particularly  of 
maxillary  sinuses 

-  Dystrophic  calcification 

-  T1 -weighted  MRI:  low  to  intermediate  signal 

-  T2- weighted  MRI:  usually  high  signal  of  inflamed 
mucosa,  low  signal  of  sclerosis  and  fibrosis.  Inspissated 
mucus  can  be  dark  on  all  sequences  resulting  in  false¬ 
negative  MR  diagnosis  of  chronic  sinusitis 


10.4.2  Clinical  Features 

-  Anaerobic  microorganisms  frequently  isolated 


Fig.  10.4  Post  endoscopic  surgery;  41-year-old  female  9  years  after 
septoplasty  with  left  concha  bullosa  and  partial  ethmoid  sinus  resection, 
now  with  “nose  problem.”  (A)  Coronal  CT  image  shows  that  the  left 
medial  maxillary  sinus  wall  is  removed  (arrow),  together  with  the  left 


middle  turbinate  and  ethmoid  cells;  otherwise,  normal  bone  and  air.  (B) 
Coronal  CT  image,  more  posterior  section,  shows  that  ethmoid  cells  are 
partially  intact  (arrow).  Only  minimal  mucosal  thickening  of  the  right 
maxillary  sinus 
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Fig.  10.5  Chronic  sinusitis;  61 -year-old  female  with  history  of  previous 
surgery  for  sinusitis.  (A)  Axial  CT  image  shows  surgical  maxillary  defects 
bilaterally  (arrows),  opacification  of  left  sinus,  and  thickening  with  sclero¬ 


sis  of  sinus  walls  bilaterally.  (B)  Coronal  CT  image  shows  opacification  of 
ethmoid  sinuses  bilaterally  (asterisks).  (C)  Coronal  CT  image  shows 
evenly  thickened  maxillary  sinus  wall  in  the  entire  sinus  bilaterally  (arrows) 


Fig.  10.6  Chronic  sinusitis;  69-year-old  male  with  history  of  previous 
sinus  surgery,  now  with  history  of  motor  vehicle  accident  and  trauma 
to  head.  Axial  CT  image  shows  that  medial  maxillary  sinus  walls  had 
been  surgically  removed  (arrows),  together  with  part  of  the  right 
anterior  maxillary  sinus  wall.  Note  some  bilateral  mucosal  thickening 
and  thickening/sclerosis  of  bony  sinus  walls 
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Fig.  10.7  Chronic  Aspergillus  sinusitis;  57-year-old  female  with  his¬ 
tory  of  acute  lymphatic  leukemia,  neutropenic  status  post  chemother¬ 
apy,  now  with  eye  and  cheek  pain.  (A)  Coronal  CT  image  shows 
opacification  of  right  maxillary  sinus  (arrow)  and  ethmoid  sinus 
(arrowhead).  (B)  Coronal  T1  -weighted  MRI  shows  intermediate  to 
high  signal  in  maxillary  sinus  (arrow)  and  low  signal  in  ethmoid  sinus 


(arrowhead).  (C)  Coronal  STIR  MRI  shows  low  “normal”  signal  in  the 
right  maxillary  sinus  (arrow)  and  high  signal  in  the  ethmoid  sinus 
(arrowhead).  (D)  Axial  T2- weighted  MRI  shows  intermediate  to  low 
signal  in  right  maxillary  sinus  (arrow).  (E)  Axial  T1 -weighted  post-Gd 
MRI  shows  heterogeneous  contrast  enhancement  (arrow) 


10.6  Retention  Cysts,  Mucous  and  Serous 
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10.5  Mucosal  Imaging  Findings 

in  Asymptomatic  Individuals 

MRI  findings  of  paranasal  sinuses  in  patients  with  brain 

imaging: 

-  Mucosal  thickening  up  to  3  mm  may  be  present  in  clini¬ 
cally  normal  individuals. 

-  Clinically  silent  focal  areas  of  mucosal  thickening  occur 
from  about  one-fourth  and  up  to  two-thirds  of  asymptom¬ 
atic  individuals. 


1 0.6  Retention  Cysts,  Mucous  and  Serous 

Figs.  10.8  and  10.9 

10.6.1  Definition 

Mucous  retention  cyst:  obstruction  of  submucosal  mucinous 
gland,  thus  cyst  wall  of  duct  epithelium  and  gland  capsule. 


Serous  retention  cyst:  accumulation  of  serous  fluid  in  submu¬ 
cosal  layer  of  sinus  mucosa,  thus  cyst  lining  of  elevated  mucosa. 

10.6.2  Clinical  Features 

-  Incidental  finding 

10.6.3  Imaging  Features 

-  Smooth,  spherical  soft-tissue  mass 

-  Retention  cysts  found  incidentally  in  10-35%  of  patients, 
most  commonly  in  maxillary  sinus,  but  can  occur  in  any 
sinus 

-  Frequently  small,  may  become  large  but  always  some  air 

-  Almost  in  every  case  normal  bone 

-  T1 -weighted  MRI:  usually  low  to  intermediate  signal,  but 
may  show  high  signal  if  cyst  has  high  protein  content 

-  T2- weighted  MRI:  high  signal 


Fig.  1 0.8  Retention  cyst  in 
maxillary  sinus;  incidental 
finding.  (A,  B,  C)  Panoramic 
views  of  different  patients 
show  retention  cysts  (arrow) 
with  various  sizes  and 
morphologies 


356 


10  Paranasal  Sinuses 


Fig.  10.9  Retention  cyst  in  the  maxillary  sinus;  incidental  finding.  (A) 
Coronal  CT  image  shows  retention  cyst  in  maxillary  sinus  {asterisk) 
with  soft-tissue  lining  (arrow),  without  expansion  of  sinus  walls,  but 
with  remaining  air.  (B)  Axial  CT  image  of  same  patient  shows  soft- 


10.7  Polyps 

Figs.  10.10,  10.11,  10.12,  and  10.13 

10.7.1  Definition 

Expansion  of  fluids  in  deeper  lamina  propria  of  Schneiderian 
mucosa  in  nasal  fossa  and  paranasal  sinuses. 

10.7.2  Clinical  Features 

-  Most  common  expansile  condition  in  the  nasal  cavity; 
about  4%  in  general  population 


tissue  lined  retention  cyst  (asterisk).  (C)  Sagittal  Tl-weighted  MRI 
shows  retention  cyst  with  intermediate  signal  (arrow);  patient  with 
blowout  fracture.  (D)  Axial  T2-weighted  MRI  shows  retention  cyst  with 
high  signal  (arrow);  patient  with  osteosarcoma  of  the  right  maxilla 

-  Nasal  polyps  most  often  associated  with  allergy,  and  fre¬ 
quently  multiple  and  symmetric,  but  may  result  from  infec¬ 
tious  rhinosinusitis,  vasomotor  rhinitis,  cystic  fibrosis, 
diabetes  mellitus,  aspirin  intolerance,  and  nickel  exposure 

-  In  patients  with  polyps  up  to  about  70%  with  asthma 

-  Nasal  stuffiness 

-  When  seen  in  children,  cystic  fibrosis  should  be  ruled  out 

10.7.3  Imaging  Features 

-  Smooth,  spherical  soft-tissue  mass 

-  If  multiple,  complete  opacification  of  nasal  cavity  and  sinuses 

-  Tl-weighted  MRI:  low  to  intermediate  signal 

-  T2- weighted  MRI:  high  signal 

-  Heterogeneous  MR  signal  characteristic  in  chronic  polyps; 
can  also  enhance 
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Fig.  10.10  Nasal  polyposis;  38-year-old  male  with  nasal  obstruction.  sinus  (courtesy  of  Dr.  A.  Kolbenstvedt,  Oslo  University  Hospital, 
Conventional  films  show  complete  opacification  of  the  nasal  cavity  and  Rikshospitalet,  Oslo,  Norway) 
all  paranasal  sinuses  ( asterisks ),  except  some  air  in  the  right  frontal 


Fig.  10.11  Nasal  polyposis;  patient  with  history  of  chronic  nasal  nasal  cavity  with  soft-tissue  bulging  through  widened  ostiomeatal  corn- 
obstruction  and  sinusitis.  (A)  Coronal  CT  image  shows  opacification  of  plex  particularly  on  the  left  side  (arrow)  but  to  a  lesser  extent  also  on 
nasal  cavity  (arrow).  (B)  Coronal  CT  image  shows  opacification  of  the  the  right,  with  secondary  sinusitis 
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Fig.  10.1 2  Nasal  polyposis;  43-year-old  male  with  previous 
surgery  for  nasal  polyposis,  now  with  recurrence.  Coronal  CT 
image  shows  polyps  in  nose  bulging  through  ostiomeatal 
complex  (arrow)  but  also  mucosal  thickening  in  ethmoid  and 
maxillary  sinuses  (courtesy  of  Dr.  A.  Kolbenstvedt,  Oslo 
University  Hospital,  Rikshospitalet,  Oslo,  Norway) 


Fig.  10.13  Antrochoanal  polyp;  12-year-old  male  with  history  of 
sinusitis  and  nasopharyngeal  mass.  (A)  Axial  CT  image  shows  left 
maxillary  sinus  thickening  (asterisk)  with  extension  of  soft-tissue  mass 
into  the  posterior  nasal  cavity  down  to  the  nasopharynx  (asterisk),  via 
the  ethmoidal  infundibulum.  No  bone  destruction.  (B)  Axial  CT  image 


shows  polyp  in  the  nasopharynx  (asterisk)  and  soft-tissue  thickening  in 
the  maxillary  sinus  (arrow).  (C)  Lateral  view  with  contrast  in  the  nose 
of  another  patient  shows  how  polyp  blocks  the  nasopharynx  (arrow)  (C: 
courtesy  of  Dr.  A.  Kolbenstvedt,  Oslo  University  Hospital, 
Rikshospitalet,  Oslo,  Norway) 
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10.8  Mucoceles 


Figs.  10.14,  10.15,  10.16,  10.17,  10.18,  and  10.19 

10.8.1  Definition 

Collection  of  mucoid  secretions  surrounded  by  mucus- 
secreting  respiratory  epithelium. 

Both  retention  and  mucocele  cysts  consist  of  mucous 
secretions  surrounded  by  epithelial  lining,  but  are  distin¬ 
guished  by  their  clinical  and  imaging  features.  Mucocele 
develops  due  to  obstruction  of  sinus  ostium  or  a  compartment 
of  a  sinus  with  the  sinus  mucosa  as  the  mucocele  wall  and 
always  with  expanded  sinus  walls. 

10.8.2  Clinical  Features 

-  Most  common  expansile  condition  in  paranasal  sinuses 

-  Most  frequent  in  frontal  sinuses  (60-65%);  only  5-10% 
in  sphenoid  as  well  as  in  maxillary  sinuses 


-  Both  sexes,  wide  range  of  age:  20-60  years 

-  Classic  mucocele  is  sterile  with  signs  and  symptoms  from 
mass  effect 

-  Pain  uncommon 

-  If  infected,  pain;  mucopyocele  or  pyocele 

-  Ostial  obstruction  may  be  caused  by  inflammatory  scar, 
trauma,  or  tumor 

10.8.3  Imaging  Features 

-  Initially,  intact  but  remodeled,  expanded  surrounding  bone 

-  With  progressive  growth,  sinus  wall  will  be  destroyed 

-  Completely  airless  sinus 

-  T1 -weighted  and  T2- weighted  MRI:  variable  MR  signals 
depending  on  protein  content,  state  of  dehydration,  and 
viscosity  of  content;  most  frequently  observed  pattern  is 
moderate-to-marked  high  signal  on  T2 

-  T1 -weighted  post-Gd  MRI:  no  enhancement  except  of 
thin  peripheral  rim 


Fig.  10.14  Frontal  sinus  mucocele;  50-year-old  male  with  diplopia 
and  right  eye  down  and  laterally  deviated.  (A)  Coronal  CT  image,  soft- 
tissue  window,  shows  ovoid  well-defined  soft-tissue  mass  in  the  right 
orbit  (arrow)  with  displacement  of  globe  laterally  down.  (B)  Coronal 


CT  image,  bone  window,  shows  bone  expansion  and  absent  frontal 
sinus  wall  against  orbit  (arrow),  but  otherwise  normal  bone  structures. 
(C)  Axial  CT  image  shows  well-defined  delineation  of  bone  expansion 
(arrow) 
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Fig.  10.1 5  Frontal  sinus  mucocele;  52-year-old  female  with  headache 
and  diplopia.  (A)  Coronal  CT  image  shows  well-defined  soft-tissue 
mass  with  no  air  in  the  left  frontal  sinus  with  bone  expansion  (arrow), 
displacing  globe  down  and  laterally.  (B)  Sagittal  CT  image  shows 


mucocele  with  bone  expansion  (arrow)  and  destroyed  bone  delineation 
to  anterior  cranial  fossa  (arrowhead).  Note  mucosal  thickening  in  max¬ 
illary  sinus 


Fig.  10.16  Frontal  sinus  mucocele;  60-year-old  male  presented  with 
headache  and  diplopia.  (A)  Coronal  T2-weighted  MRI  shows 
intermediate- signal  large  expansive  mucocele  (arrow).  (B)  Axial 
T2-weighted  MRI  shows  expansion  into  cranial  fossa  with  displace¬ 


ment  of  the  left  frontal  lobe  (arrow).  (C)  Axial  T1 -weighted  post-Gd 
MRI  shows  no  enhancement  except  in  the  thin  peripheral  rim  (arrow). 
(D)  Axial  diffusion-weighted  MRI  shows  high  signal  (arrow)  compat¬ 
ible  with  restricted  diffusion  in  mucocele 


10.8  Mucoceles 
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Fig.  10.17  Sphenoid  sinus  mucocele;  19-year-old  female  with  past 
medical  history  significant  for  morbid  obesity  who  presented  with  his¬ 
tory  of  headache  for  6  weeks,  as  well  as  occasional  nausea  and  vomit¬ 
ing;  initially  evaluated  for  suspicion  of  brain  tumor,  pseudotumor 
cerebri,  and  venous  thrombosis.  (A)  Axial  CT  image  shows  expansive 
mass  in  the  right  compartment  of  sphenoid  sinus  with  intact  cortical 


outline  (arrow).  (B)  Coronal  CT  image  shows  mucocele  in  the  right 
compartment  of  sphenoid  sinus  (arrow).  (C)  Axial  T2- weighted  MRI 
shows  high  signal  of  mucocele  (arrow).  (D)  Sagittal  T1  -weighted  MRI 
shows  intermediate  to  low  signal  (arrow).  (E)  Axial  T1 -weighted  post- 
Gd  MRI  shows  no  enhancement  except  in  the  thin  peripheral  rim 
(arrow) 
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Fig.  10.18  Sphenoid  sinus  mucocele;  85-year-old  male  with  known 
chronic  sinusitis,  now  with  headache.  (A)  Coronal  CT  image,  soft- 
tissue  window,  shows  large  expansive  mass  ( arrows )  with  homoge¬ 


neous  hypodense  content  extending  into  the  clivus  and  pterygoid 
process  of  the  sphenoid  bone.  (B)  Axial  CT  image,  soft-tissue  window, 
shows  mucocele  extending  into  parapharyngeal  space  (arrow) 


Fig.  10.19  Maxillary  sinus  mucocele;  two  patients  with  long  history  midline  of  the  nasal  cavity.  (B)  Coronal  CT  image  shows  expansive 

of  chronic  sinusitis  and  sinus  surgery.  (A)  Axial  CT  image  shows  mass  in  the  entire  right  maxillary  sinus  extending  into  orbit  (arrow) 

expansive  process  in  the  entire  left  maxillary  sinus  (arrow)  extending  to 


10.9  Granulomatosis  With  Polyangiitis  (Previously  Known  as  Wegener's  Granulomatosis) 
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1 0.9  Granulomatosis  With  Polyangiitis 
(Previously  Known  as  Wegener's 
Granulomatosis) 

Fig.  10.20 

10.9.1  Definition 

Necrotizing  granulomatous  vasculitis  that  usually  affects 
upper  and  lower  respiratory  tracts  and  causes  renal  glomeru¬ 
lonephritis,  with  a  limited  form  only  in  sinonasal  tract  with  a 
more  benign  course. 

Two  other  forms  are  eosinophilic  granulomatosis  with 
poly  angiitis  and  microscopic  poly  angiitis. 

10.9.2  Clinical  Features 

-  Rare  noninfectious,  destructive  disease;  diagnosis  difficult 
to  establish  early  in  disease  course 


-  Chronic,  nonspecific  (autoimmune)  inflammatory  process 
of  nose  and  sinuses,  and  also  trachea,  lungs,  and  kidney 

-  Can  affect  any  site  in  the  body 

-  Nasal  septum  affected  in  more  than  90%,  with  ulceration 
and  perforation  (“saddle  nose”  deformity) 

-  Rarely  diagnosis  may  lead  to  full  recovery 

-  Without  treatment  the  disease  can  be  fatal 

10.9.3  Imaging  Features 

-  Nasal  involvement  precedes  sinus  disease;  secretions, 
soft- tissue  mass  of  nasal  septum,  septal  erosion 

-  Sinuses  affected  in  more  than  90%;  nonspecific  inflam¬ 
mation  with  mucosal  thickening  of  maxillary  and  ethmoid 
sinuses  in  particular 

-  Bones  of  nasal  vault  and  affected  sinuses  may  be  thick¬ 
ened  and  severely  sclerotic  due  to  chronic  inflammation 
but  also  bone  destruction  reflecting  either  osteomyelitis  or 
necrosis 


Fig.  10.20  Granulomatosis  with  polyangiitis;  46-year-old  male  with  sclerosis  of  maxillary  sinus  walls  (arrow).  (B)  Sagittal  CT  image  shows 
long  history  of  nonspecific  sinus  problems.  Mucosal  biopsy  consistent  destruction  of  nasal  bone,  saddle  nose  (arrow).  (C)  Axial  CT  image 
with  Wegener’s  granulomatosis.  (A)  Coronal  CT  image  shows  destruc-  shows  severe  sclerosis  of  sinus  walls  (arrow)  and  palate,  crossing  mid- 
tion  of  nasal  cavity  structures  and  chronic  sinusitis;  opacification  and  line.  (D)  Axial  CT  image  shows  sclerotic  bone  in  the  maxillary  alveolar 
mucosal  thickening  of  ethmoid  cells  and  maxillary  sinuses,  with  severe  process 
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1 0.1 0  Inflammatory  Dental  Conditions 

Figs.  10.21,  10.22,  and  10.23 


Fig.  10.21  Normal  paranasal 
sinuses;  false-positive 
panoramic  view  opacification 
of  the  maxillary  sinus.  (A) 
Panoramic  view  indicates 
opacification  of  the  left 
maxillary  sinus  (arrow).  (B) 
Coronal  CT  image  shows 
normal  air  and  bony  walls  of 
the  maxillary  and  ethmoid 
sinuses 


Fig.  1 0.22  Maxillary  sinusitis  due  to  displaced  root;  patient  with  history  of  problematic  tooth  extraction.  (A)  Axial  CT  image  shows  root  in  the 
maxillary  sinus  with  mucosal  thickening  (arrow).  (B)  Coronally  reformatted  CT  image  shows  root  in  the  alveolar  part  of  the  sinus  (arrow) 


10.11  Benign  Tumors  and  Tumorlike  Conditions 
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Fig.  10.23  Oroantral  fistula;  patient  with  history  of  previous  problem¬ 
atic  tooth  extraction.  Coronal  CT  shows  opening  between  the  oral  cav¬ 
ity  and  maxillary  sinus  (arrow)  and  minimal  mucosal  thickening 


1 0.1 1  Benign  Tumors  and  Tumorlike 
Conditions 

1 0.1 1 .1  Clinical  Features  (in  General) 

-  Tumors  and  tumorlike  expansile  masses  are  generally  rare 

-  Benign  more  frequent  than  malignant 

-  Vague  symptoms;  masses  frequently  extensive  when 
detected 

1 0.1 1 .2  Imaging  Features  (in  General) 

-  Soft- tissue  mass 

-  Benign:  expansion,  remodeling  of  bone,  bone  or  dental 
hard- tissue  production,  may  resorb  teeth 

-  Malignant:  destruction  of  bone,  occasionally  bone  pro¬ 
duction,  “floating  teeth” 

-  T1  -weighted  MRI:  intermediate  signal 

-  T2- weighted  MRI:  intermediate  to  high  signal 

-  T1 -weighted  post-Gd  MRI:  contrast  enhancement 

-  May  be  difficult  to  decide  whether  mass  originated  in  the 
sinus  or  not 
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Fig.  10.24  Inverted  papilloma;  71 -year-old  male  with  history  of  nasal 
papilloma  that  developed  malignancy.  (A)  Axial  CT  image  shows  soft- 
tissue  mass  in  the  right  nasal  cavity  with  some  deviation  of  the  nasal 
septum  extending  into  the  nasopharynx  (arrows).  (B)  Coronal  CT 


image  shows  complete  opacification  of  the  right  nasal  cavity,  maxillary 
sinus  (arrow),  and  right  ethmoid  sinus  and  some  widening  of  the  ostio- 
meatal  complex 


10.12  Papilloma 

Fig.  10.24 

10.12.1  Definition 

Benign  tumor  of  nasal  cavity  composed  of  vascular  connec¬ 
tive  tissue  covered  by  well-differentiated  stratified  squamous 
epithelium  that  tends  to  grow  under  and  elevate  mucosa 
(inverted). 

10.12.2  Clinical  Features 

-  Less  common  than  allergic  polyps;  less  than  3%  in  gen¬ 
eral  population 

-  Most  common  in  males  aged  40-70  years 

-  Unilateral  from  lateral  nasal  wall  near  ethmoids 

-  Nasal  stuffiness  or  obstruction 

-  Secondary  bacterial  sinusitis 

-  Postoperative  recurrence  35-40% 

-  May  be  associated  with  malignancy  (about  10%) 

10.12.3  Imaging  Features 

-  Small  to  extensive  mass 

-  Bone  remodeling  that  may  deviate,  not  cross  nasal  septum 


-  Mass  may  extend  into  ethmoid  or  maxillary  sinuses 

-  T1  -weighted  MRI:  low  or  intermediate  signal 

-  T2-weighted  MRI:  intermediate  to  high  signal,  usually  high 

-  T1 -weighted  post-Gd  MRI:  some  contrast  enhancement 


10.13  Osteoma 

Figs.  10.25  and  10.26 

10.13.1  Definition 

Benign  tumor  of  normal  mature  bone. 

10.13.2  Clinical  Features 

-  Usually  an  incidental  finding 

10.13.3  Imaging  Features 

-  Most  common  in  frontal  sinuses,  followed  by  the  ethmoid 
and  maxillary  sinuses 

-  May  occlude  sinus  ostia  causing  sinusitis  or  mucocele 
formation 


10.13  Osteoma 
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Fig.  1 0.25  Frontal/ethmoid  osteoma;  19-year-old  female.  (A)  Coronal 
CT  image  shows  well-defined  bone  mass  in  the  right  frontal  and  eth¬ 
moid  sinuses  crossing  midline  {arrow),  with  left  ethmoid  and  maxil¬ 
lary  sinuses  normal.  (B)  Axial  CT  image  shows  osteoma  extending  to 
frontal  recess  of  the  maxilla  anteriorly  (arrow),  with  otherwise  normal 


ethmoid  and  sphenoid  sinuses.  (C)  Coronal  CT  image,  post-surgery, 
shows  resection  of  the  right  middle  turbinate  and  part  of  the  ethmoid 
sinus  but  otherwise  normal  bone  structures  and  sinus  air.  (D)  Axial  CT 
image,  post-surgery,  shows  partial  resection  of  the  ethmoid  sinus,  but 
otherwise  normal  bone  structures  and  sinus  air 


Fig.  1 0.26  Sphenoid/ethmoid  osteoma  surgically  confirmed,  24-year- 
old  female  with  headache.  (A)  Coronal  CT  image  shows  well-defined 
dense  mass  in  the  sphenoid  bone  extending  into  sinus  (arrow). 


(B)  Coronal  CT  image  shows  mass  involving  the  sella  turcica  (arrow). 

(C)  Axial  CT  image  shows  mass  extending  into  the  ethmoid  and  sphe¬ 
noid  sinuses  (arrow) 
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10.14  Fibrous  Dysplasia 

Figs.  10.27  and  10.28 

10.14.1  Definition 

Benign  bone  disease;  metaplastic  fibrous  tissue. 


10.14.2  Clinical  Features 

-  Painless  swelling,  deformity 


10.14.3  Imaging  Features 

-  Radiolucent  and/or  radiopaque  areas,  depending  on 
amount  of  fibrous  tissue 

-  Ground-glass  appearance  typical 


Fig.  10.27  Fibrous  dysplasia;  23-year-old  female  with  painless  swell¬ 
ing  of  cheek.  (A)  3D  CT  image,  en  face,  shows  the  expanded  right  max¬ 
illa  and  zygoma  (arrow)  with  elevated  orbital  floor.  (B)  3D  CT  image, 
lateral,  shows  the  expanded  frontal  process  and  anterior  wall  of  the 
maxilla  (arrow).  (C)  3D  CT  image,  oblique  view,  shows  the  elevated 


orbital  floor  and  expansion  around  the  infraorbital  foramen  (arrow).  (D) 
Axial  CT  image  shows  ground-glass  appearance  (arrow).  (E)  Axial  CT 
image  of  the  alveolar  process  shows  no  evident  displacement  or  resorp¬ 
tion  of  teeth  (arrow) 


10.14  Fibrous  Dysplasia 
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Fig.  10.28  Frontal  fibrous  dysplasia;  6-year-old  female  with  painless  ground-glass  appearance  (arrow).  (C)  Axial  CT  image,  postoperative, 
swelling  of  the  right  frontal  bone.  (A)  3D  CT  image,  en  face,  shows  shows  normal  morphology  in  the  area 
well-defined  and  smooth  swelling  (arrow).  (B)  Axial  CT  image  shows 
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1 0.1 5  Nasolabial  (Nasoalveolar)  Cyst 

Fig.  10.29 


-  More  frequent  in  females 

-  Pain-free  swelling  or  may  give  discomfort  or  pain,  in  par¬ 
ticular  if  infected 


10.15.1  Definition 

Developmental  cyst  from  epithelial  rests  either  in  the  fusion 
of  globular,  lateral  nasal,  and  maxillary  processes  or  in  the 
embryonic  nasolacrimal  duct. 


10.15.2  Clinical  Features 

-  Usually  unilateral,  but  may  be  bilateral 

-  Wide  range  of  age 


10.15.3  Imaging  Features 

-  Soft-tissue  lesion 

-  Located  above  apices  of  maxillary  incisors 

-  May  not  be  shown  on  plain  radiographs 

-  May  cause  erosion  of  underlying  bone 

-  Homogeneous  internal  structure 

-  No  contrast  enhancement  except  in  the  periphery 


Fig.  1 0.29  Nasolabial  cyst;  45-year-old  female  with  left  nostril  and  nasal 
cavity  mass.  (A)  Axial  CT  image,  soft-tissue  window,  shows  well-defined 
soft-tissue  mass  (arrow).  (B)  Coronal  CT  image,  soft-tissue  window,  con¬ 
firms  well-defined  soft-tissue  mass  (arrow).  (C)  Sagittal  CT  image,  soft- 


tissue  window,  confirms  well-defined  soft-tissue  mass  (arrow).  (D)  Axial 
CT  image,  bone  window,  shows  well-delineated  corticated  bone  erosion 
of  maxilla  (arrow).  (E)  Sagittal  CT  image,  bone  window,  confirms  well- 
delineated  corticated  bone  erosion  of  the  maxilla  (arrow) 


10.18  Squamous  Cell  Carcinoma 
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10.16  Malignant  Tumors  10.18.2  Clinical  Features 

sinuses,  fol- 
occasionally 

Fig.  10.30 


A  number  of  malignant  conditions  may  occur  in  the  parana-  -  50-80%  of  all  malignant  sinus  masses 
sal  sinuses.  -  More  than  60%  originate  in  the  maxillary 

lowed  by  nasal  cavity,  and  ethmoid  sinuses 

-  -  Oral  symptoms  and  signs  may  be  initial; 

1 0.1 7  Adenocarcinoma  considered  an  intraoral  cancer  clinically 


1 0.1 8  Squamous  Cell  Carcinoma 

Fig.  10.31 


10.18.1  Definition 

Malignant  epithelial  tumor. 


10.18.3  Imaging  Features 

-  Usually  advanced  when  detected;  bone  destruction  in 
80% 

-  Alveolar  bone  destruction  reported  in  half  of  patients  with 
maxillary  sinus  carcinoma 


Fig.  10.30  Ethmoid  adenocarcinoma  (low  grade);  18-year-old  female, 
complaining  of  headache,  following  biopsy  of  ethmoid  sinus  mass.  (A) 
Coronal  CT  image  shows  rather  well-defined,  dense  mass  in  the  left 
ethmoid  sinus  (arrow)  with  some  displacement  of  the  nasal  septum  to 
the  right  and  expanding  into  the  nasal  cavity.  Left  middle  turbinate  not 


seen  (removed  during  biopsy  and/or  incorporated  in  tumor).  Incidental 
finding  of  a  retention  cyst  in  the  left  maxillary  sinus.  (B)  Axial  CT 
image  shows  tumor  occupying  the  entire  ethmoid  sinus  with  some 
expansion  of  the  medial  orbit  wall  and  nasal  septum,  without  penetra¬ 
tion  (arrow) 
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Fig.  10.31  Squamous  cell  carcinoma  of  the  left  maxillary  sinus; 
80-year-old  female  with  a  13-year  history  of  successfully  treated  tongue 
cancer,  now  with  mass  in  oral  cavity.  (A)  Clinical  photograph  of  another 
patient  with  the  same  diagnosis  shows  similar  clinical  picture;  palatal 
swelling  (arrow)  posterior  to  complete  denture  (removed)  as  initial 
tumor  sign.  (B)  Axial  CT  image  shows  destruction  of  the  left  maxilla 
and  soft-tissue  swelling  (arrow).  (C)  Axial  CT  image  shows  intrasinus 


mass  and  irregular  destruction  of  the  maxillary  sinus  wall  (arrow).  (D) 
Coronal  CT  image  confirms  intraoral  and  intrasinus  mass  with  irregular 
destruction  of  the  maxillary  sinus  wall,  alveolar  ridge  (arrow).  (E) 
Axial  T1 -weighted  post-Gd  MRI  shows  contrast  enhancement  of  mass 
(arrow).  (F)  Coronal  T1 -weighted  post-Gd  MRI  confirms  contrast 
enhancement  of  intrasinus  and  intraoral  mass  (arrows) 


10.19  Lymphoma 
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much  more  commonly  than  in  the  general  population.  It  may 
be  highly  aggressive,  but  paranasal  sinus  involvement  is  rare 
in  HIV  patients. 

Lymphoma  is  one  of  the  most  common  malignancies  in 
human  immunodeficiency  virus  (HIV)  patients  and  occurs 


10.19  Lymphoma 

Fig.  10.32 


Fig.  10.32  Maxillary  plasmablastic  lymphoma;  39-year-old  male, 
HIV-positive  status,  presented  with  left  facial  pain  and  swelling.  (A) 
Coronal  CT  image,  soft-tissue  window,  shows  soft-tissue  mass  in  infra¬ 
temporal  fossa  that  invades  the  left  maxillary  sinus  with  bone  destruc¬ 
tion  (arrow).  (B)  Coronal  CT  image  (bone  window)  shows  severe 


destruction  of  the  maxillary  sinus  wall,  alveolar  ridge  (arrow).  (C) 
Coronal  CT  image,  soft-tissue  window,  posttreatment  shows  normal 
structures.  (D)  Coronal  CT,  posttreatment,  shows  almost  normal  maxil¬ 
lary  sinus  wall 
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10.20  Ewing  Sarcoma 

Fig.  10.33 


Fig.  10.33  Maxillary  Ewing  sarcoma;  30-year-old  male  with  huge 
facial  mass,  proptosis,  shortness  of  breath,  and  dysphasia.  (A)  Coronal 
CT  image  shows  enormous  tumor  (arrow)  with  destruction  of  the  max¬ 
illa,  zygoma,  orbital  floor,  and  nasal  cavity,  crossing  the  midline  with 
expanding  medial  wall  of  the  left  maxillary  sinus.  (B)  Axial  CT  image 
shows  the  huge  destruction  and  displacement  of  the  right  globe  (arrow). 
(C)  Axial  T2-weighted  fat- suppressed  MRI  shows  the  huge  exophytic 


tumor  (arrow)  sparing  only  the  left  maxillary  sinus.  (D)  Axial 
T1 -weighted  post-Gd  MRI  after  first  surgery,  showing  contrast  enhance¬ 
ment  of  tumor  recurrence  (arrow).  (E)  Coronal  CT  image,  after  second 
surgery  with  facial  flap  (arrowhead).  (F)  Axial  CT  image  shows  facial 
flap  (arrowhead).  (G)  Axial  T1 -weighted  MRI  shows  facial  flap  (arrow¬ 
head).  (H)  Axial  T1 -weighted  fat- suppressed  post-Gd  MRI  shows 
facial  flap  (arrowhead) 


10.20  Ewing  Sarcoma 


375 


Fig.  1 0.33  (continued) 
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10.21  Osteosarcoma 

Fig.  10.34 


Fig.  1 0.34  Maxillary  osteosarcoma;  27-year-old  male  with  swelling  of 
the  right  maxilla  and  loose  teeth.  (A)  Axial  CT  image  shows  large  soft- 
tissue  mass  in  the  entire  maxillary  sinus  with  destruction  of  most  of  the 
sinus  wall  and  scattered  bone  production  (arrow).  (B)  Coronal  CT 
image  confirms  extensive  tumor  mass  to  about  midline  (arrow),  also 


extending  into  ethmoid  cells,  and  with  bone  production.  (C)  Axial 
T2-weighted  fat-suppressed  MRI  shows  heterogeneous  low  to  high  sig¬ 
nal  intensity  (arrow).  (D)  Coronal  T2- weighted  fat- suppressed  MRI 
shows  heterogeneous  low  to  high  signal  intensity  (arrow).  (E)  Surgical 
material 


10.22  Expansile  Odontogenic  Conditions 
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1 0.22  Expansile  Odontogenic  Conditions 

Figs.  10.35,  10.36,  and  10.37 
See  Chaps.  2  and  3 


Fig.  10.35  Maxillary  follicular  (dentigerous)  cyst;  16-year-old  female  with  impacted  tooth.  (A)  Coronal  CT  image  shows  impacted  tooth  (< aster¬ 
isk )  with  corticated  follicular  cyst  around  the  tooth  crown  (arrow).  (B)  Axial  CT  image  shows  evident  corticated  outline  (arrow) 


Fig.  1 0.36  Keratocystic  odontogenic  tumor;  28-year-old  female  with 
some  pressure  in  the  nose.  Coronal  CT  image  shows  expansive  mass 
with  thin,  corticated  outline  (arrow),  occupying  the  entire  maxillary 
sinus,  almost  the  entire  nasal  cavity,  much  of  the  ethmoid  sinuses,  and 
displacing  the  orbital  floor  and  hard  palate.  Root  resorption  (courtesy  of 
Dr.  A.  Kolbenstvedt,  Oslo  University  Hospital,  Rikshospitalet,  Oslo, 
Norway) 
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Fig.  10.37  Maxillary  follicular  (dentigerous)  cyst;  7-year-old  male 
with  painless  facial  swelling.  (A)  Clinical  photograph  before  surgery 
shows  facial  swelling  (arrow).  (B)  Coronal  CT  image  shows  cyst 
(arrow)  filling  the  entire  left  maxillary  sinus  and  most  of  the  left  nasal 
cavity  and  extending  into  the  ethmoid  cells,  hard  palate,  and  facial  soft 
tissues.  (C)  Coronal  CT  shows  corticated  outline  (arrow)  and  root 
resorption.  (D)  Coronal  CT  image  shows  cyst  (arrow)  with  impacted 
tooth  (asterisk)  displaced  to  cranial  part  of  the  maxillary  sinus.  (E) 
Axial  CT  image  shows  impacted  tooth  (asterisk)  with  follicular  cyst 


appearance.  (F)  Coronal  T2-weighted  MRI  shows  homogeneous  high- 
signal  content  (arrow).  (G)  Coronal  T2-weighted  fat- suppressed  MRI 
shows  homogeneous  high-signal  content  (arrow).  (H)  Axial 
T2-weighted  fat- suppressed  MRI  shows  homogeneous  high-signal  con¬ 
tent  (arrow).  (I)  Axial  T1 -weighted  MRI  without  fat  suppression  shows 
intermediate- signal  content  (arrow).  (J)  Axial  Tl-weighted  post-Gd 
fat- suppressed  MRI  shows  no  enhancement  of  cyst  (arrow).  (K) 
Surgically  removed  cyst  containing  impacted  tooth 
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Fig.  10.37  (continued) 


380 


10  Paranasal  Sinuses 


10.23  Miscellaneous  Conditions 

Figs.  10.38,  10.39,  10.40,  and  10.41 


Fig.  10.38  Foreign  body  in  ethmoid  sinus;  37-year-old  female  with 
left  ethmoid  sinus  mass.  Axial  CT  image  shows  piece  of  calcified  mass 
in  ethmoid  sinus  (arrow);  all  other  sinuses  clear.  This  was  surgically 
removed  and  turned  out  to  be  a  piece  of  wood  with  local  mucosal  swell¬ 
ing  and  some  calcification 


Fig.  1 0.39  Leakage  of  CSF;  28-year-old  male  with  history  of  gunshot 
wound  to  vertex  a  few  years  ago  with  multiple  fractures  including  the 
left  maxilla,  orbital  floor,  lamina  papyracea,  and  left  cribriform  plate, 
the  latter  surgically  repaired  on  the  right  aspect.  Clinical  course  compli¬ 
cated  by  bacterial  meningitis,  now  referred  for  CT  cisternography  to 
locate  continued  rhinorrhea.  (A)  Coronal  CT  image  shows  defect  of  the 
left  cribriform  plate  and  lamina  papyracea  with  opacification  of  the  left 


ethmoid  sinus  (arrow).  Surgical  plate  of  the  right  aspect  of  the  cribri¬ 
form  plate  (arrowhead).  (B)  Coronal  CT  image  after  lumbar  puncture 
with  contrast  injection  shows  CSF  leakage  through  bony  defect  in  the 
left  cribriform  plate  and  into  the  ethmoid  sinus  (arrow).  There  is  also 
contrast  around  the  optical  nerve  (arrowhead)  which  is  normal  in  cister¬ 
nography.  Small  air-fluid  level  in  the  left  maxillary  sinus  that  may  rep¬ 
resent  CSF 
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Fig.  1 0.40  Pituitary  adenoma  (prolactinoma) ;  50-year-old  female  with 
headache  and  diffuse  facial  pain,  intracranial  tumor  detected  on  routine 
paranasal  sinus  scan.  (A)  Coronal  CT  of  paranasal  sinuses,  almost  all 
scans  normal.  (B)  Coronal  CT,  most  posterior  section  shows  abnormal 


sphenoid  sinus  (arrow).  (C)  Coronal  CT  shows  tumor  in  the  sella  tur¬ 
cica  (arrow);  the  patient  was  then  referred  for  neuroradiologic  MRI. 
(D)  Sagittal  T1 -weighted  post-Gd  MRI  shows  tumor  in  the  sella  turcica 
(arrow),  extending  into  the  sphenoid  sinus 


382 


10  Paranasal  Sinuses 


Fig.  10.41  Intracranial  empyema  from  sinusitis;  9-year-old  female 
presenting  to  emergency  department  with  headache,  fever,  right  eye 
edema,  and  ecchymosis.  (A)  Coronal  CT  image  shows  complete  opaci¬ 
fication  of  both  ethmoid  and  left  maxillary  sinuses  ( asterisk )  and  muco¬ 
sal  thickening  of  the  right  maxillary  sinus;  also  sphenoid  and  frontal 
sinuses  showed  opacification  (not  shown).  (B)  Coronal  post-contrast 
CT  image,  soft-tissue  window,  shows  hypodense  central  area  with 
enhancing  periphery  consistent  with  abscess  in  the  superior  right  orbit 
with  displaced  globe  (arrow).  (C)  Axial  post-contrast  CT  image,  soft- 
tissue  window,  shows  abscess  in  the  right  frontal  region  (arrow).  (D) 
Coronal  FLAIR  MRI  shows  high  signal  in  orbit  superiorly  and  anterior 


to  right  frontal  lobe  consistent  with  abscesses  (arrows).  There  is  also 
high-signal  sinusitis  in  the  ethmoid  cells.  (E)  Coronal  T1 -weighted 
post-Gd  fat- suppressed  MRI  shows  dural  and  subarachnoid  enhance¬ 
ment  in  the  right  frontal  region  (arrows).  There  is  granulation  tissue  and 
fluid  in  the  ethmoid  cells.  (F)  Axial  diffusion-weighted  MRI  shows 
high  signal  ^restricted  diffusion)  in  superior  aspect  of  the  right  orbital 
cavity  consistent  with  abscess  (arrow).  (G)  Diffusion- weighted  MRI 
shows  high  signal  in  the  right  frontal  lobe  area  consistent  with  an  intra¬ 
cranial  empyema/abscess  (arrow).  (H)  Diffusion- weighted  MRI  shows 
high  signal  along  the  falx  consistent  with  the  spread  of  pus  in  subdural 
space  along  the  falx  (arrow) 
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Fig.  1 0.41  (continued) 


384 


10  Paranasal  Sinuses 


Suggested  Reading 

Barnes  L,  Verbin  R,  Gnepp  D  (1985)  Diseases  of  the  nose,  paranasal 
sinuses  and  nasopharynx.  In:  Barnes  L  (ed)  Surgical  pathology  of 
the  head  and  neck,  vol  1.  Marcel  Dekker,  New  York,  pp  403-451 
Bhushan  B,  Rychlik  K,  Schroeder  JW  Jr  (2016)  Development  of  the 
maxillary  sinus  in  infants  and  children.  Int  J  Pediatr  Otorhinolaryngol 
91:146-151 

De  Juan  E  Jr,  Green  WR,  Lliff  NT  (1983)  Allergic  periorbital  mycopyo- 
cele  in  children.  Am  J  Ophthalmol  96:299-303 
Ericson  S  (1992)  Conventional  and  computerized  imaging  of  maxillary 
sinus  pathology  related  to  dental  problems.  In:  Westesson  P-L  (ed) 
Oral  and  maxillofacial  surgery.  Clinics  of  North  America:  contem¬ 
porary  maxillofacial  imaging.  Saunders,  Philadelphia,  pp  153-181 
Farman  AG,  Nortje  C,  Wood  RE  (1993)  Diseases  of  the  paranasal 
sinuses.  In:  Oral  and  maxillofacial  diagnostic  imaging.  Mosby,  St. 
Louis,  pp  379-402 

Finn  DG,  Hudson  WR,  Baylin  G  (1981)  Unilateral  polyposis  and 
mucoceles  in  children.  Laryngoscope  91:1444-1449 
Fomo  AD,  Borgo  CD,  Turriziani  A,  Ottaviani  F,  Antinori  A,  Fantoni  M 
(1998)  Non-Hodgkin’s  lymphoma  of  the  maxillary  sinus  in  a  patient 
with  acquired  immunodeficiency  syndrome.  J  Laryngol  1 12:982-985 
Harnsberger  HR,  Wiggins  RH,  Hudgins  PA,  Michel  MA,  Swartz  J, 
Davidson  HC  et  al  (2004)  Section  2:  nose  and  sinus.  In:  Diagnostic 
imaging  head  and  neck.  Amirsys,  Salt  Lake  City 
Koontz  NA,  Seltman  TA,  Kralik  SF,  Mosier  KM,  Harnsberger  HR 
(2016)  Classic  signs  in  head  and  neck  imaging.  Clin  Radiol 
71:1211-1222 


Kula  K,  Hale  LN,  Ghoneima  A,  Tholpady  S,  Starbuck  JM  (2016)  Cone- 
beam  computed  tomography  analysis  of  mucosal  thickening  in  uni¬ 
lateral  cleft  lip  and  palate  maxillary  sinuses.  Cleft  Palate  Craniofac 
J  53:640-648 

Larheim  TA,  Kolbenstvedt  A,  Lien  HH  (1984)  Carcinoma  of  maxillary 
sinus,  palate  and  maxillary  gingiva:  occurrence  of  jaw  destruction. 
Scand  J  Dent  Res  92:235-240 

Moser  FG,  Panush  D,  Rubin  JS,  Honigsberg  RM,  Spryregen  S,  Eisig 
SB  (1991)  Incidental  paranasal  sinus  abnormalities  on  MRI  of  the 
brain.  Clin  Radiol  43:252-254 

Rak  KM,  Newell  JD  2nd,  Yakes  WF,  Damiano  MA,  Luethke  JM  (1991) 
Paranasal  sinus  on  MR  images  of  the  brain:  significance  of  mucosal 
thickening.  AJR  Am  J  Roentgenol  156:381-384 

Rao  VM,  Sharma  D,  Madan  A  (2001)  Imaging  of  frontal  sinus  disease: 
concepts,  interpretation,  and  technology.  Otolaryngol  Clin  N  Am 
34:23-39 

Rosenfeld  RM  (2016)  Clinical  practice.  Acute  sinusitis  in  adults.  N 
Engl  J  Med  375:962-970 

Som  PM,  Brandwein  MS  (2003)  Sinonasal  cavities:  inflammatory  dis¬ 
eases.  In:  Som  PM,  Curtin  HD  (eds)  Head  and  neck  imaging,  4th 
edn.  Mosby,  St.  Louis,  pp  193-259 

Som  PM,  Shugar  J  (1980)  The  CT  classification  of  ethmoid  mucoceles. 
J  Comput  Assist  Tomogr  4: 199-203 

Suri  A,  Mahapatra  AK,  Gaikwad  S,  Sarkar  C  (2004)  Giant  mucoceles 
of  the  frontal  sinus:  a  series  and  review.  J  Clin  Neurosci 
11:214-218 

Zizmor  J,  Noyek  AM  (1973)  Cyst,  benign  tumors  and  malignant  tumors 
of  the  paranasal  sinuses.  Otolaryngol  Clin  N  Am  6:487-508 


Maxillofacial  Soft  Tissues 


11 


Abstract 

This  chapter  illustrates  infection  (abscess),  muscular  hypertrophy,  atrophy  and  dehiscence, 
calcifications,  vascular  malformations,  cysts,  lingual  thyroid,  benign  oropharyngeal  tumors; 
lipoma  and  schwannoma,  and  malignant  oropharyngeal  tumors;  squamous  cell  carcinoma, 
lymph  node  metastasis,  clear  cell  carcinoma,  adenoid  cystic  carcinoma,  and  non-Hodgin’s 
lymphoma. 


11.1  Introduction  1 1 .2  Infection  (Abscess) 


This  chapter  is  a  collection  of  cases  of  soft- tissue  abnormali¬ 
ties  in  the  masticator  space,  the  oral  cavity,  and  the  submen¬ 
tal,  sublingual,  submandibular,  and  oropharyngeal  spaces. 

Traditionally,  maxillofacial  imaging  has  focused  mainly 
on  the  osseous  structures  of  the  facial  skeleton.  This  is  due  to 
the  great  importance  of  bony  abnormalities  for  those  work¬ 
ing  in  dentistry.  It  is  also  a  reflection  of  the  fact  that  tradi¬ 
tional  maxillofacial  imaging  relied  on  plain  film  and  dental 
imaging  techniques  that  only  depict  the  skeletal  structures. 
With  contemporary  imaging  techniques  such  as  CT,  MRI, 
and  ultrasonography,  the  soft  tissue  can  also  be  visualized  in 
great  detail.  From  a  clinical  point  of  view,  the  differential 
diagnosis  of  many  conditions  in  the  maxillofacial  area 
includes  soft- tissue  lesions  that  would  not  been  seen  on  tra¬ 
ditional  skeletal  imaging.  For  instance,  in  the  evaluation  of 
swellings  in  spaces  around  the  jaws,  skeletal  imaging  is  often 
insufficient. 

This  chapter  has  been  included  to  illustrate  the  value  of 
applying  advanced  contemporary  imaging  of  the  maxillofa¬ 
cial  soft- tissue  structures.  We  present  a  variety  of  conditions, 
congenital  or  acquired,  in  which  CT  and/or  MRI  was  neces¬ 
sary  or  improved  the  diagnostic  assessment. 


Fig.  11.1 

11.2.1  Definition 

Localized  collection  of  pus. 

11.2.2  Clinical  Features 

-  Swelling,  pain,  redness,  warmth,  and  dysfunction 

-  Fever  and  malaise 

11.2.3  Imaging  Features 

-  Single  or  multiloculated  low-density  area  surrounded  by 
rim  enhancement 

-  T2- weighted  and  STIR  MRI:  high- signal  area  surrounded 
by  low- signal  rim 

-  T1 -weighted  post-Gd  MRI:  no  contrast  enhancement 
except  in  peripheral  rim 

-  Cellulitis  or  phlegmon  will  spread  diffusely  and  enhance 
accordingly 


In  collaboration  with  A.  Kolbenstvedt  and  H.-J.  Smith. 
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Fig.  11.1  Abscess  in  masticator  space  with  intracranial  spread; 
85-year-old  male  with  history  of  right-sided  maxillary  sinus  squamous 
cell  carcinoma,  now  with  right-sided  facial  swelling,  fever,  and  chew¬ 
ing  problems.  (A)  Axial  post-contrast  CT  image  shows  (left)  low- 
density  area  with  peripheral  rim  enhancement  consistent  with  abscess 
in  masticator  space  (arrow)  and  (right)  cellulitis,  soft-tissue  swelling, 


loss  of  fat  planes  between  muscles,  and  streaking  (reticulation  pattern) 
of  cheek  fat  (arrowhead).  (B)  Axial  post-contrast  CT  image  shows 
abscess  in  middle  cranial  fossa  (arrow).  (C)  Coronal  T1  -weighted  post- 
Gd  MRI  (left)  and  sagittal  view  (right)  demonstrate  intracranial  abscess 
(arrows)  through  oval  foramen  (arrowheads) 
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11.3  Muscular  Hypertrophy,  Atrophy,  11.4  Calcifications 

and  Dehiscence 


Figs.  11.2,  11.3,  11.4,  11.5,  and  11.6 

11.3.1  Definition 

Abnormally  thick  muscle  (hypertrophy),  abnormally  thin 
muscle  (atrophy),  usually  with  fatty  infiltration,  or  muscle 
defect  (dehiscence). 

11.3.2  Clinical  Features 

-  Painless  swelling  (hypertrophy),  usually  firm 

-  Benign  masseteric  hypertrophy;  males  more  often  than 
females,  about  half  of  cases  bilateral;  all  muscles  of  mas¬ 
tication  may  be  involved 

11.3.3  Imaging  Features 

-  Muscle  hypertrophy,  otherwise  normal  appearance 

-  Muscle  asymmetry,  functional  abnormalities 

-  Muscle  atrophy,  fatty  replacement 

-  Muscle  dehiscence  allowing  herniation 


Figs.  11.7,  11.8,  11.9,  11.10,  11.11,  11.12,  and  11.13 

11.4.1  Definition 

Calcium  deposits  in  soft- tissue  structures. 


11.4.2  Clinical  Features 

-  Incidental  finding  on  routine  examinations  such  as  pan¬ 
oramic  radiography  and  paranasal  sinus  films 

-  Pain,  limited  motion  (tendinitis) 


11.4.3  Imaging  Features 

-  Calcified  tissue,  highly  variable  in  size 

-  May  be  found  in  many  places  such  as  tonsils,  vessels,  ten¬ 
dons,  salivary  glands  and  ducts,  paranasal  sinuses  and  nose; 
ossification  of  stylohyoid  ligament,  myositis  ossificans 


Fig.  11.2  Masseteric  hypertrophy;  12-year-old  female  with  bilateral  shows  bilaterally  enlarged  masseter  muscles  ( arrows );  bone  structures 
painless  swelling  of  mandibular  angles.  (A)  Clinical  photograph  shows  including  temporomandibular  joints  were  normal 
bilateral  swelling  of  mandibular  angles  (arrows).  (B)  Axial  CT  image 
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Fig.  11.3  Temporalis  hypertrophy  and  masseteric  hypertrophy;  MRI  confirms  thickened  temporalis  muscles  (arrows).  (C)  Axial 

17-year-old  male  with  history  of  psychosis;  no  organic  causes  for  his  T2-weighted  MRI  shows  bilaterally  thickened  masseter  muscles 

symptoms  were  found.  (A)  Coronal  T1  -weighted  MRI  shows  bilater-  (arrows) 
ally  thickened  temporalis  muscles  (arrows).  (B)  Axial  T2- weighted 
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Fig.  1 1 .4  Arthrogryposis  multiplex  congenita;  9-year-old  male  with 
micrognathic  growth,  anterior  open  bite,  and  severely  limited  mandibu¬ 
lar  motion  with  chewing  and  articulation  problems.  (A)  Oblique  sagittal 
T1 -weighted  MRI,  medial  aspect  of  mandibular  condyle,  shows  lateral 
pterygoid  muscle  atrophy  with  fatty  replacement  {asterisk).  (B)  Oblique 
sagittal  T1 -weighted  MRI,  midsection  of  mandibular  condyle,  confirms 


atrophy  with  fatty  replacement  of  most  of  the  lateral  pterygoid  muscle 
{asterisk).  (C)  Oblique  coronal  T1 -weighted  MRI  through  mandibular 
condyle  shows  medial  pterygoid  muscle  atrophy  with  fatty  replacement 
{arrow).  (D)  Oblique  coronal  T1 -weighted  MRI  anterior  to  condyle 
confirms  atrophy  with  fatty  replacement  of  medial  pterygoid  muscle 
{arrow) 
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Fig.  1 1 .5  Hypoglossal  nerve  denervation  atrophy;  68-year-old 
male  with  history  of  larynx  carcinoma  and  laryngectomy,  now  with 
suprahyoid  recurrence.  Axial  CT  image  shows  atrophy  and  fatty 
replacement  of  left  lingual  muscles  with  prolapse  of  left  hemi- 
tongue  into  oropharynx  (arrow) 


Fig.  1 1 .6  Mylohyoid  herniation  of  sublingual  gland;  14-year-old  male 
with  left- sided  nontender,  intermittent  submandibular  swelling.  (A) 
Clinical  photographs,  en  face  view  (left)  and  side  view  (right),  show 
submandibular  swelling  (arrows)  while  the  patient  is  pressing  his 
tongue  down.  (B)  Coronal  STIR  MRI  shows  left  mylohyoid  dehiscence 


with  small  sublingual  protrusion  (arrow).  (C)  Coronal  T1 -weighted 
post-Gd  MRI  shows  sublingual  gland  herniation  (asterisk)  while  patient 
is  provoking  swelling  by  tongue  pressing  movement  (reproduced  with 
permission  from  Hopp  et  al.  2004) 
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Fig.  11.7  Calcification  in  palatine  tonsil;  65-year-old  female  with  incidental  finding.  (A)  Panoramic  view  and  (B)  Axial  CT  image  show  small 
calcification  (arrow),  bilaterally 


Fig.  11.8  Calcification  in  palatine  tonsil;  66-year-old  male  with  incidental  finding.  (A)  Panoramic  view  and  (B)  Axial  CT  image  show  large  cal¬ 
cification  particularly  on  right  side 


Fig.  11.9  Calcification  in  palatine  tonsil;  31 -year-old  female  with  freely  projected  from  skeleton  (arrow)  ((A)  reproduced  with  permis- 

prominent,  hard  mass  in  right  tonsil  region.  (A)  Lateral  view  shows  sion  from  Aspestrand  and  Kolbenstvedt  1987) 

large  calcification  (arrow).  (B)  Oblique  lateral  view  shows  calcification 
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Fig.  11.10  Calcification  in  lingual  tonsil;  74-year-old  female  with 
painless  swelling  in  posterior  part  of  tongue.  Axial  CT  image  shows 
calcified  mass  in  posterior  part  of  asymmetric  tongue  (arrow) 


Fig.  11.11  Carotid  artery 
calcification;  82-year-old 
female  with  incidental 
finding.  Panoramic  view 
shows  calcified  plaque  close 
to  the  hyoid  bone  in  the  area 
of  carotid  bifurcation  (arrow) 
(courtesy  of  Dr.  D.M.  Almog, 
Rochester,  NY) 


Fig.  11.12  Carotid  artery 
calcification;  patient  with 
previous  endarterectomy  on 
the  right  side.  Panoramic  view 
shows  calcified  plaque  in  the 
area  of  carotid  bifurcation 
(arrow)  and  surgical  clips 
used  for  hemostasis  during 
surgery  (arrowhead) 

(courtesy  of  Dr.  D.M.  Almog, 
Rochester,  NY) 


Fig.  1 1.13  Retropharyngeal  tendinitis;  56-year-old  male  with  pain  on  tendon  of  longus  colli  muscle  (arrow).  (B)  Axial  CT  image  6  weeks 
swallowing  and  restricted  head  movement,  reexamined  after  6  weeks.  later  shows  marked  reduction  of  calcification  (arrow) 

(A)  Axial  CT  image  shows  prevertebral  calcification  corresponding  to 
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1 1 .5  Vascular  Malformations 


Figs.  11.14, 11.15, 11.16, 11.17,  and  11.18 

11.5.1  Definition 

Congenitally  malformed  vascular  channels;  arterial,  venous, 
capillary,  lymphatic,  or  mixed. 

11.5.2  Clinical  Features 

-  High- flow  lesions:  arteriovenous  malformations  or 
fistulae: 

-  Present  at  birth 

-  May  be  detected  in  later  life 

-  May  worsen  during  puberty  or  pregnancy 

-  May  cause  increased  cardiac  output  and  strain 

-  Palpable  pulse  in  veins 

-  Slow-flow  lesions:  venous,  capillary,  lymphatic,  and 
mixed  malformations: 

-  Often  affect  head  and  neck  region 

-  Venous  and  lymphatic  lesions  may  become  large  and 
interfere  with  swallowing  and  respiratory  function 

-  May  invade  bone 

-  No  spontaneous  regression 

-  Capillary  malformations  are  usually  diagnosed  clini¬ 
cally  as  port- wine  stains 


11.5.3  Imaging  Features 

-  High-flow  lesions:  arteriovenous  malformations  or  fistulae: 

-  Heterogeneous 

-  May  contain  varicose  dilatations  with  turbulent  flow, 
with  variable  signal  strength 

-  Afferent  and  efferent  blood  vessels  dilated 

-  Well  or  poorly  defined 

-  T1 -weighted  MRI:  round  and  linear  flow  voids 

-  Slow-flow  lesions  (venous): 

-  Calcified  phleboliths 

-  Phleboliths  may  cause  round  but  not  linear  flow  voids 

-  T1 -weighted  MRI:  iso-  or  hypointense  to  the  muscle 

-  T2-weighted  MRI:  high  signal  (“light  bulb”  sign) 

-  T1 -weighted  post-Gd  MRI:  gradually  increasing 
enhancement  from  the  periphery  to  the  center 

-  Slow-flow  lesions  (lymphatic): 

-  Low-density  (fluid-filled)  soft-tissue  mass  without 
phleboliths 

-  Single,  multilobulated,  or  microcystic 

-  Poorly  or  well  defined 

-  No  enhancement  of  fluid  zone 

-  T1 -weighted  MRI:  iso-or  hypointense  to  muscle 

-  T2- weighted  MRI:  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  enhancement  except  in 
septa  or  walls 
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Fig.  11.14  Venous  malformation  of  cheek;  19-year-old  female  with 
incidental  finding  of  calcifications  on  panoramic  view  that  showed 
progression  during  a  5-year  period.  (A)  Panoramic  view  shows  calcifi¬ 
cations  (arrow)  when  the  patient  was  14  years  old.  (B)  Panoramic  view 
5  years  later  shows  larger  and  multiple  calcifications  (arrows).  Clinical 
photographs  of  the  face  (upper)  and  oral  mucosa  (lower).  (C)  Axial  CT 
image  shows  large  calcification  just  anterior  to  mandibular  ramus 


characteristic  of  a  phlebolith  (arrow).  (D)  Axial  CT  image  shows  mul¬ 
tiple  calcifications,  including  three  large  ones  (arrow)  consistent  with 
phleboliths.  (E)  Axial  T2- weighted  MRI  shows  high- signal  area  with 
signal  voids  of  phleboliths  (arrows).  (F)  Coronal  STIR  MRI  shows 
high- signal  area  (arrow)  with  signal  voids  of  phleboliths  including 
some  large  ones  (arrowheads) 


11.5  Vascular  Malformations 
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Fig.  11.14  (continued) 
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Fig.  11.15  Vascular  malformation,  mandible;  1 1  -year-old  female  with 
some  swelling  in  the  right  mandible  and,  from  time  to  time,  bleeding 
from  gingiva  (see  clinical  photograph  and  CBCT  images  of  this  patient 
in  Fig.  15.80).  (A)  Panoramic  view  shows  radiolucency  (arrow).  (B) 
Axial  (soft-tissue)  CT  image  shows  soft-tissue  mass  (arrowhead).  (C) 
Axial  (with  cursor  lines),  (D)  oblique  sagittal  (right),  (E)  oblique  sagit¬ 
tal  (left),  and  (F)  axial  CT  images  of  the  cortical  bone  show  punctate 


radiolucencies  in  the  right  cortical  bone  (D,  F)  and  normal  left  cortical 
bone  (E).  (G,  H,  I)  Axial  CT  images  show  multiple  cortical  canal-like 
defects  (arrows).  (J,  K)  Digital  subtraction  angiography  (J:  frontal,  K: 
lateral)  shows  intense  vascularity  (asterisk).  (L,  M)  Digital  subtraction 
angiography  (L:  frontal,  M:  lateral)  after  embolization  shows  vascular¬ 
ity  almost  completely  eliminated.  (N)  Panoramic  view  after  emboliza¬ 
tion.  See  clinical  photo  of  this  patient  in  Fig.  15.80 


11.5  Vascular  Malformations 
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Fig.  11.15  (continued) 
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Fig.  11.16  Venous  malformations  of  the  cheek  and  hard  palate; 
44-year-old  female  with  painless  swelling  in  the  hard  palate  that  was 
believed  to  be  a  dental  abscess,  but  on  incision  did  not  show  any  pus 
collection.  (A)  Panoramic  view  shows  tiny  calcifications  {arrows). 
(B)  Axial  CT  image  shows  multiple  small,  dense  calcifications  (arrow). 


(C)  Axial  T2-weighted  MRI  shows  area  of  high  signal  with  tiny  voids 
of  signal  (arrow),  including  a  smaller  similar  area  anterior  to  maxillary 
sinus  (arrowhead).  (D)  Axial  T2- weighted  MRI  of  hard  palate  shows 
high  signal  from  left  side,  corresponding  to  area  of  incision  (arrow) 


1 1 .6  Cysts 
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Fig.  11.17  Cystic  lymphatic  malformation;  14-year-old  female  with 
submental  swelling.  Coronal  post-enhanced  CT  image  shows  well- 
defined  mass  in  sublingual  space  crossing  midline  (arrows),  hypodense 
with  enhanced  border 


1 1 .6  Cysts 

Figs.  11.19,  11.20,  11.21,  11.22,  and  11.23 

11.6.1  Definition 

Epithelial-lined  fluid-filled  cavity  with  thin  fibrous  wall. 

11.6.2  Clinical  Features 

-  Painless  swelling  (if  not  infected) 

-  Thyroglossal  duct  cyst: 

-  Most  common  of  congenital  neck  lesions  (about  70%); 
may  occur  anywhere  from  foramen  cecum  to  thyroid 
gland;  majority  at  hyoid  bone  level 

-  Commonly  in  midline  when  suprahyoid;  seldom  in 
floor  of  mouth;  only  1-2%  in  tongue 

-  Second  branchial  cleft  cyst: 

-  The  far  most  common  of  all  branchial  anomalies 

-  Typically  located  in  lateral  neck  ventral  to  anterior 
edge  of  sternocleidomastoid  muscle,  dorsal  to  sub- 


Fig.  11.18  Cystic  lymphatic  malformation;  10-month-old  female  with 
swelling  of  the  floor  of  the  mouth  and  upper  neck.  Axial  CT  image 
shows  well-defined  hypodense,  lobulated  mass  (arrows)  in  subman¬ 
dibular  space;  note  mandible  (asterisk) 


mandibular  gland,  and  superficial  to  carotid  sheath; 
usually  caudal  to  angle  of  mandible 
-  Dermoid  or  epidermoid  cyst: 

-  Least  common  of  congenital  neck  lesions  (only  about 
7%),  but  the  floor  of  the  mouth  particularly  involved; 
about  half  in  sublingual  space;  midline  or  asymmetric; 
may  contain  fat  globules  or  calcifications 

-  Terms  used  interchangeably,  but  dermoid  cyst  may 
have  hair  follicles  and  sebaceous  glands 


11.6.3  Imaging  Features 

-  CT:  well-defined  unilocular,  hypodense  area  with  thin, 
enhancing  peripheral  rim 

-  T1 -weighted  MRI:  usually  low  signal,  but  occasionally 
high  (dermoid) 

-  T2- weighted  MRI  or  STIR:  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  enhancement,  occasion¬ 
ally  in  thin  peripheral  rim 
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Fig.  11.19  Thyroglossal  duct  cyst;  3-year-old  female  with  mass  in  the  midline  of  the  base  of  the  tongue.  (A)  Axial  T2-weighted  MRI  shows  well- 
defined  high-signal  mass  in  the  base  of  the  tongue  (arrow).  (B)  Sagittal  T2-weighted  MRI  confirms  high-signal  mass  in  the  tongue  (arrow) 


Fig.  1 1 .20  Thyroglossal  duct  cyst;  29-year-old  male  with  lump  in  the 
midline  of  the  neck,  anterior  to  the  hyoid  bone.  Axial  post-contrast  CT 
image  shows  well-defined  hypodense  area  with  enhancing  peripheral 
rim  in  the  midline  (arrow)  anterior  to  the  hyoid  bone  (arrowhead) 


Fig.  11.21  Second  branchial  cleft  cyst;  38-year-old  male  with  soft 
submandibular  tumor  at  the  anterior  border  of  the  sternocleidomastoid 
muscle;  cyst  confirmed  by  surgery.  Axial  post-contrast  CT  image  shows 
well-defined  low-density  mass  with  enhancing  peripheral  rim  in  sub¬ 
mandibular  space  (arrow),  just  dorsal  to  submandibular  gland  (arrow¬ 
head),  lateral  to  carotid  sheath,  and  ventral  to  sternocleidomastoid 
muscle  (asterisk) 


1 1 .6  Cysts 
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Fig.  11.22  Dermoid  cyst,  sublingual  space  and  tongue;  25-year-old  female  with  sublingual  swelling.  (A)  Coronal  STIR  MRI  shows  high-signal 
mass  with  smooth  delineation  (arrow).  (B)  Axial  CT  image  shows  cyst  (arrow)  with  multiple  calcifications 


Fig.  11  .23  Dermoid  cyst,  tongue;  34-year-old  female  with  mass  in  the  contrast  CT  image  shows  deviation  of  both  genioglossus  muscles 

tongue.  (A)  Axial  post-contrast  CT  image  shows  hypodense  mass  with-  laterally  (arrows) 

out  calcifications  in  the  floor  of  the  mouth  (arrow).  (B)  Coronal  post- 
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1 1 .7  Lingual  Thyroid 

Figs.  11.24  and  11.25 

11.7.1  Definition 

Ectopic  thyroid  tissue  in  the  tongue. 

11.7.2  Clinical  Features 

-  Incidental  finding 

-  Usually  painless  mass  in  tongue  base;  dysphagia  or  other 
symptoms  may  occur 


-  Ectopic  thyroid  tissue  may  occur  along  the  entire  thyro- 
glossal  duct  tract;  90%  in  the  base  of  the  tongue,  usually 
in  the  midline 

-  Majority  have  no  other  functioning  thyroid  present. 

-  Female  predominance 


11.7.3  Imaging  Features 

-  CT:  hyperdense  mass  compared  to  muscle;  post-contrast 
enhancement 

-  T1 -weighted  and  T2- weighted  MRI:  iso-  or  hyperintense 
to  muscle 

-  T1 -weighted  post-Gd  MRI:  homogeneous  contrast 
enhancement 


Fig.  11.24  Lingual  thyroid  gland;  16-year-old  female  with  lump  in 
tongue  base.  Axial  post-contrast  CT  shows  soft-tissue  mass  in  posterior 
part  of  tongue  (arrow) 


11.7  Lingual  Thyroid 
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Fig.  11.25  Lingual  thyroid  gland;  42-year-old  male  with  lump  in  absence  of  normal  thyroid  gland.  (C)  Sagittal  Tl-weighted  post-Gd 

tongue  base.  (A)  Axial  Tl-weighted  MRI  shows  soft-tissue  mass  in  MRI  shows  thyroid  mass  in  posterior  part  of  tongue  (arrow) 

posterior  part  of  tongue  (arrow).  (B)  Axial  Tl-weighted  MRI  shows  the 
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1 1 .8  Benign  Oropharyngeal  Tumors 

Lipoma  and  schwannoma  are  illustrated. 

11.9  Lipoma 

Fig.  11.26 

11.9.1  Definition 

Benign  tumor  consisting  of  mature  fat  arranged  in  lobules, 
separated  by  fibrous  tissue  septa,  usually  surrounded  by  thin, 
fibrous  capsule. 


11.9.2  Clinical  Features 

-  Painless  swelling 

-  Most  common  mesenchymal  tumor  but  only  13%  in  head 
and  neck;  most  located  in  posterior  cervical  region 

-  Within  oral  cavity  only  1-4%  of  all  benign  tumors 

11.9.3  Imaging  Features 

-  CT:  well-defined  homogeneous  low-density  mass;  no 
contrast  enhancement 

-  T1 -weighted  MRI:  homogeneous  high  signal  as  subcuta¬ 
neous  fat 

-  T1 -weighted  fat-suppressed  MRI:  homogeneous  reduced 
signal 

-  T1 -weighted  post-Gd  MRI:  no  contrast  enhancement 


Fig.  11.26  Lipoma  of  lower  gingivobuccal  sulcus;  67-year-old  male 
with  fullness  of  left  lower  gingivobuccal  sulcus  with  clinical  suspicion 
of  being  fatty.  (A)  Axial  T1  -weighted  MRI  shows  well-defined  area  of 
homogeneous  high  signal  along  the  left  mandible  (arrow).  (B)  Axial 


T1 -weighted  fat- suppressed  MRI  shows  reduced  signal  in  entire  area 
(arrow).  (C)  Coronal  T1  -weighted  fat- suppressed  post-Gd  MRI  shows 
no  enhancement  of  mass  except  in  periphery  (arrow) 


11.10  Schwannoma 
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11.10  Schwannoma 

Fig.  11.27 

11.10.1  Definition 

Benign  nerve  sheath  tumor  emanating  from  Schwann  cells. 
(The  terminology  is  confusing.  The  following  terms  have 
been  used  for  the  same  tumor:  schwannoma,  neuroma,  neu¬ 
rinoma,  neurolemmoma,  perineural  fibroblastoma.) 

11.10.2  Clinical  Features 

-  Asymptomatic  mass. 

-  About  13%  of  schwannomas  are  found  in  the  head  and 
neck,  most  in  the  lateral  cervical  region. 

-  Almost  half  of  oral  schwannomas  reported  to  occur  in  the 
tongue. 


11.10.3  Imaging  Features 

-  Well-defined  homogeneous  soft-tissue  mass,  enhance¬ 
ment,  but  variable  appearance  because  of  cystic  and  solid 
components 

-  Schwannoma  is  often  cystic,  as  opposed  to  neuroma, 
which  is  seldom  cystic 

-  Enlarged  foramina 

-  Atrophy  of  muscles 

-  Associated  with  neurofibromatosis 

-  T1 -weighted  MRI:  isointense  with  muscle 

-  T2-weighted  MRI:  hyperintense,  homogeneous,  both  cys¬ 
tic  and  solid  components,  or  heterogeneous 

-  T1 -weighted  post-Gd  MRI:  cystic  nature  with  rim 
enhancement 


Fig.  11.27  Schwannoma  of  tongue;  13-year-old  with  slowly  growing  dent  fatty  component.  (C)  Sagittal  T2-weighted  fat- suppressed  MRI 
mass  of  tongue.  (A)  Axial  T2-weighted  MRI  shows  well-defined  high-  confirms  high-signal  mass  in  anterior  part  of  tongue  (arrow).  (D) 
signal  mass  in  right  anterior  tongue  (arrow).  (B)  Axial  T2-weighted  Coronal  Tl-weighted  fat- suppressed  post-Gd  MRI  shows  serpentine 
fat-suppressed  MRI  shows  high-signal  mass  (arrow),  indicating  no  evi-  onion-type  contrast  enhancement  of  mass  (arrow) 
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1 1 .1 1  Malignant  Oropharyngeal  Tumors 

Squamous  cell  carcinoma,  lymph  node  metastasis,  clear  cell 
carcinoma,  adenoid  cystic  carcinoma,  and  lymphoma  are 
illustrated. 


11.12  Squamous  Cell  (and  Clear  Cell) 
Carcinomas 

Figs.  11.28,  11.29,  11.30,  11.31,  and  11.32 

11.12.1  Definition 

Malignant  epithelial  tumor. 

11.1 2.2  Clinical  Features  (Oral  Carcinomas) 

-  Painless  mass 

-  Most  frequent  malignant  tumor  in  oral  cavity,  predomi¬ 
nantly  squamous  cell  type 

-  Predilection  areas:  floor  of  the  mouth,  ventrolateral 
tongue,  and  soft  palate  complex  (soft  palate  proper,  ante¬ 
rior  tonsillar  pillar,  retromolar  trigone) 

-  Typically  males,  50-70  years,  drinking  smokers 

-  Lymph  node  involvement  in  30-65%  when  diagnosed; 
single  most  important  prognostic  factor 

-  Somewhat  less  aggressive  than  oropharynx  carcinomas 


11.1 2.3  Imaging  Features  (Oral  Carcinomas) 

-  CT:  isodense  to  muscle,  moderate  contrast  enhancement 

-  Surrounding  structures  invaded 

-  T1  -weighted  MRI:  isointense  to  muscle  signal 

-  T2- weighted  MRI:  inhomogeneous  increased  signal 

-  T1 -weighted  post-Gd  MRI:  moderate  enhancement 

-  Non-contrast  T1 -weighted  MRI  reported  most  useful 
sequence  to  assess  tumor  extent 


I 


Fig.  1 1 .28  Squamous  cell  carcinoma  of  the  tongue  invading  the  floor 
of  the  mouth;  22-year-old  male  with  history  of  tongue  cancer,  now  with 
recurrence.  Coronal  T1 -weighted  post-Gd  MRI  shows  moderately 
contrast-enhanced  tumor  penetrating  mylohyoid  muscle  and  platysma 
(arrow).  Note  normal  mylohyoid  muscle  on  contralateral  side 
(arrowhead) 


Fig.  1 1 .29  Squamous  cell  carcinoma  of  cheek  with  and  without  blowing  cheek;  74-year-old  male  with  lump  in  cheek.  (A)  Axial  CT  image  with 
blowing  cheek  shows  soft-tissue  tumor  in  buccal  mucosa  (arrow).  (B)  Axial  CT  without  blowing  cheek  cannot  reveal  origin  of  tumor 


11.12  Squamous  Cell  (and  Clear  Cell)  Carcinomas 
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Fig.  1 1 .30  Squamous  cell  carcinoma  of  the  tonsil;  43-year-old  male 
with  known  multiple  sclerosis  and  a  history  of  squamous  cell  carci¬ 
noma  of  the  left  palatine  tonsil.  (A)  Axial  T1 -weighted  MRI  shows  low- 
to  intermediate- signal  mass  in  the  left  palatine  tonsil  (arrow).  (B)  Axial 


Fig.  1 1 .31  Lymph  node  metastasis;  65-year-old  male  with  squamous 
cell  carcinoma  of  left  palatine  tonsil,  metastasizing.  Axial  post-contrast 
CT  image  shows  well-defined  mass  in  submandibular  space,  hypodense 
with  enhanced  border  (arrow).  Note  similarity  with  branchial  cleft  cyst 
in  Fig.  11.21 


T1 -weighted  fat- suppressed  post-Gd  MRI  shows  moderately  contrast- 
enhanced  mass  (arrow).  (C)  Axial  T2-weighted  fat- suppressed  MRI 
shows  high-signal  mass  (arrow) 
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Fig.  11.32  Clear-cell  carcinoma  of  tongue  base;  47-year-old  female 
with  hemoptysis,  presents  with  lump  in  vallecula,  “vascular  granu¬ 
loma”  clinically.  (A)  Axial  T2-weighted  MRI  shows  heterogeneous 
high-signal  mass  in  posterior  portion  of  tongue  (arrow).  (B)  Sagittal 
T2- weighted  MRI  shows  mass  in  tongue  base  (arrow).  (C)  Axial 


T1 -weighted  MRI  shows  low-  to  intermediate- signal  mass  (arrow).  (D) 
Axial  T1 -weighted  post-Gd  MRI  shows  diffuse,  mild  contrast  enhance¬ 
ment  of  tumor  (arrow).  (E)  Coronal  T1 -weighted  post-Gd  MRI  con¬ 
firms  contrast  enhancement  of  tumor  (arrow) 


11.14  Lymphoma 
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11.13  Adenoid  Cystic  Carcinoma 

Fig.  11.33 

11.13.1  Definition 

Malignant  epithelial  tumor  with  various  histologic  features 
showing  three  growth  patterns:  glandular  (cribriform),  tubu¬ 
lar,  or  solid. 

11.13.2  Clinical  Features 

-  Painless  mass,  slowly  growing 

-  Seldom  regional  lymph  node  metastases,  in  contrast  to 
squamous  cell  carcinoma 

-  In  oral  cavity  usually  in  palate  (minor  salivary  glands) 

11.13.3  Imaging  Features 

-  Cannot  be  distinguished  from  squamous  cell  carcinoma 

-  Perineural  tumor  extension  is  however  typical 


11.14  Lymphoma 

Figs.  11.34,  and  11.35 

11.14.1  Definition 

Malignant  tumor  of  lymphatic  tissue;  a  number  of  different 

types. 

11.14.2  Clinical  Features 

-  Both  Hodgkin’s  and  non-Hodgkin’s  lymphoma  occur  in 
the  maxillofacial  area,  most  frequently  presenting  with 
lymph  node  enlargement 

-  Non-Hodgkin’s  lymphoma  more  frequently  involves 
extranodal  sites 

11.14.3  Imaging  Features 

-  Cannot  distinguish  non-Hodgkin’s  and  Hodgkin’s  disease 
in  the  head  and  neck  area  based  on  imaging  findings  of 
lymph  nodes 

-  Well-defined  or  ill-defined  unspecified  mass,  either 
enhancing  or  not 


Fig.  11  .33  Adenoid  cystic  carcinoma  of  epipharynx  with  intracranial  atrophy  of  medial  and  lateral  pterygoid  muscles  (arrowhead). 

spread;  50-year-old  female  treated  with  irradiation  5  years  previously,  (B)  Coronal  T1 -weighted  post-Gd  MRI  shows  tumor  growing  intracra- 

now  with  recurrence.  (A)  Coronal  T1 -weighted  post-Gd  MRI  shows  nially  (arrow)  through  oval  foramen,  compressing  mandibular  nerve 
contrast-enhancing  tumor  recurrence  in  epipharynx  wall  (arrow)  and 


410 


11  Maxillofacial  Soft  Tissues 


Fig.  11.35  Oroparapharyngeal  non-Hodgkin’s  lymphoma;  88-year- 
old  female  with  a  3 -year  history  of  lymphoma  with  radiation  therapy  to 
the  neck  and  right  axilla;  metastatic  disease  suspected  to  oral  cavity. 
(A)  Axial  post-contrast  CT  image  shows  large  lobulated  nonenhancing 
parapharyngeal  mass  that  occludes  most  of  the  pharynx  and  oral  cavity 
(arrow).  Imaging  cannot  determine  if  the  intraparotid  lymph  node  is 
involved  with  lymphoma 


Fig.  11.34  Oropharyngeal  non-Hodgkin’s  lymphoma;  62-year-old 
male  with  swallowing  and  breathing  problems.  Lateral  view  with  con¬ 
trast  material  in  nose  shows  large  soft  palate  mass  (arrow)  extending 
downward  to  level  of  top  of  epiglottic  cartilage 
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Abstract 

This  chapter  illustrates  nonneoplastic  conditions;  infection/inflammation,  sialolithiasis, 
Sjogren’s  syndrome,  benign  lymphoepithelial  cysts  associated  with  HIV- AIDS,  and  ranula, 
benign  tumors;  pleomorphic  adenoma,  Warthin’s  tumor,  and  hemangioma,  and  malignant 
tumors;  lymphoma  and  carcinomas;  mucoepidermoid  carcinoma,  acinic  cell  carcinoma, 
adenocarcinoma,  adenoid  cystic  carcinoma,  and  carcinoma  ex  pleomorphic  adenoma. 


12.1  Introduction 

Salivary  gland  conditions  are  probably  more  diverse  than 
those  of  many  other  organ  systems:  congenital,  obstructive, 
infectious,  inflammatory,  systemic,  and  neoplastic.  The  fre¬ 
quency  of  tumors  is  however  less  than  3%  of  all  tumors.  On 
the  other  hand,  although  advanced  soft- tissue  imaging  with 
CT  and  MRI  are  used,  the  radiologic  differentiation  between 
benign  and  malignant  diseases  remains  difficult.  The  more 
common  obstructive  conditions  are  of  particular  interest  for 
those  working  in  the  dental  field,  because  conventional 
examination  should  be  the  initial  radiologic  evaluation  for 
patients  with  suspected  stones.  Those  working  with  saliva 
should  also  be  the  first  to  notice  any  reduced  salivation  that 
may  have  many  causes  and  a  significant  impact  on  teeth 
conditions. 

This  chapter  illustrates  a  number  of  different  condi¬ 
tions,  some  common  and  others  rare.  The  intention  is  not 
to  be  complete,  but  rather  to  show  a  variety  of  salivary 
gland  conditions  of  relevance  to  the  maxillofacial 
radiologist. 


1 2.2  Nonneoplastic  Conditions 

A  number  of  conditions  may  occur  in  the  salivary  glands. 


1 2.3  Infection/Inflammation 

Figs.  12.1,  12.2,  12.3,  12.4,  12.5,  and  12.6 

12.3.1  Definition 

Sialoadenitis:  infection/inflammation  of  the  gland. 
Sialodochitis:  infection/inflammation  of  the  duct. 


1 2.3.2  Clinical  Features 


-  Acute  sialoadenitis: 

-  Painful  swelling,  with  or  without  pus 

-  Most  common  in  the  parotid  gland,  bilateral  or 
unilateral 

-  Neonates  or  elderly  in  particular 

-  Regional  lymphadenopathy,  fever,  malaise 
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-  Acute  exacerbation  of  chronic  sialoadenitis 

-  Bacterial  infection;  Staphylococcus  aureus  most  com¬ 
mon,  local,  unilateral,  suppurative,  diffuse  (cellulitis) 
or  localized  (abscess) 

-  Retrograde,  calculus  etiology 

-  Viral  infection;  systemic,  bilateral  (mumps) 

-  Chronic  sialoadenitis: 

-  Parotid  or  submandibular  gland;  rarely  in  sublingual 
gland 

-  Intermittent  swelling  and  tenderness 

-  Vague  or  no  symptoms 

-  Recurrent  bacterial  infection 

-  Autoimmune  diseases 

-  Prior  radiation  therapy 

-  Treatment  of  thyroid  cancer  with  radioactive  iodine 

-  Retrograde,  calculus  etiology 


1 2.3.3  Imaging  Features 

-  Sialoadenitis: 

-  Enlargement  (diffuse)  of  gland,  increased  density, 
enhancing  with  contrast 

-  Associated  cellulitis;  streaking  (stranding)  in  subcuta¬ 
neous  fat,  thickened  platysma 


-  Abscess;  localized  low-density  area  surrounded  by 
enhanced  rim 

-  Sialolithiasis 

-  T1 -weighted  MRI:  enlarged  gland,  low  signal,  diffuse 
or  localized  (abscess) 

-  T2- weighted  MRI:  enlarged  gland,  high  signal,  diffuse 
or  localized  (abscess);  may  also  be  low  signal  depend¬ 
ing  on  whether  edema  or  cellular  infiltration  dominates 

-  T1 -weighted  post-Gd  MRI:  moderate,  diffuse  contrast 
enhancement  or  only  enhanced  peripheral  rim 
(abscess) 

-  Sialodochitis: 

-  Dilated  duct,  usually  with  single  or  multiple  strictures 
(“string  of  sausages”) 

-  Sialography: 

-  Conventional  technique  superior  to  other  imaging 
methods  to  demonstrate  subtle  anatomy  of  salivary 
duct  system 

-  MR  sialography  can  be  done  with  heavily  T2-weighted 
images  without  injection  of  contrast  medium.  This 
visualizes  the  main  parotid  (Stensen’s)  duct  with  sec¬ 
ondary  ducts  and  submandibular  duct  but  not  finer 
ducts  as  seen  with  conventional  sialography.  However, 
MR  sialography  may  be  useful  in  cases  in  which  can- 
nulation  of  the  duct  cannot  be  performed 


Fig.  12.1  Normal  parotid  glands  and  accessory  parotid  glands; 
65 -year-old  male.  Axial  post-contrast  CT  image  shows  normal  but  large 
parotid  glands  bilaterally.  Note  accessory  parotid  glands  bilaterally  and 
superficially  to  masseter  muscles 


Fig.  12.2  Acute  suppurative  parotitis:  61-year-old  female  with  past 
history  of  diabetes  mellitus,  chronic  renal  failure,  coronary  artery  dis¬ 
ease  status  after  myocardial  infarction  and  PTCA,  stroke,  hypertension, 
hyperlipidemia,  hypothyroidism,  and  congestive  heart  failure,  now  pre¬ 
senting  with  an  acute  swelling  of  the  right  side  of  the  face  in  the  setting 
of  known  Staphylococcus  bacteremia.  Axial  post-contrast  CT  image 
shows  enlarged  right  parotid  gland  with  increased  density  (arrow),  with 
streaking  opacities  in  overlying  fat  (arrowhead) 
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Fig.  12.3  Parotid  abscess;  52-year-old  male  with  non-resolving  right 
parotitis.  Axial  post-contrast  CT  image  shows  homogeneous  density 
with  contrast-enhancing  rim  consistent  with  abscess  in  parotid  gland 
{asterisk)  with  fat  stranding  and  thickening  of  platysma  ( arrows ) 


Fig.  12.4  Abscess  and  cellulitis  in  parotid  region;  52-year-old  female 
with  right  parotid  swelling  and  pain  and  clinical  suspicion  of  abscess. 
(A)  Axial  T2-weighted  fat- suppressed  MRI  shows  diffuse  high  signal 
in  the  right  lateral  half  of  the  face  consistent  with  subcutaneous  edema 
and  cellulitis  (arrows).  (B)  Axial  T1 -weighted  fat- suppressed  post-Gd 


MRI  shows  low-signal  area  surrounded  by  irregular  contrast-enhancing 
rim  consistent  with  abscess  (arrow).  Note  also  diffuse  enhancement  in 
subcutaneous  fat  extending  to  the  anterior  portion  of  the  maxilla. 
Abscess  was  surgically  drained 
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Fig.  12.5  Stenosis  and  dilatation  of  Stensen’s  duct  but  no  stones; 
56-year-old  male  with  a  remote  history  of  injury  to  the  left  cheek  after 
which  he  developed  intermittent  swelling  (gland  itself  was  not  enlarged 
or  abnormal  on  CT  or  MRI  imaging).  On  clinical  examination  there  was 
scarring  at  the  orifice  of  the  left  Stensen’s  duct.  (A)  Axial  post-contrast 


CT  shows  dilated  Stensen’s  duct  (arrow)  with  closed  orifice  ( arrow¬ 
head ).  (B)  Axial  T2- weighted  fat-suppressed  MRI  confirms  dilated  duct 
(arrow)  and  closed  orifice  (arrowhead).  (C)  Axial  T1  -weighted  fat- 
suppressed  post-Gd  MRI  shows  no  contrast  enhancement  of  dilated 
duct  (arrow) 
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Fig.  12.6  Dilated  Stensen’s  duct  and  Wharton’s  duct;  76-year-old 
male  with  enlarged  right  submandibular  salivary  gland  and  question  of 
possible  tumor  (no  calculi  or  gland  abnormalities  except  slightly 
enlarged  right  submandibular  gland  found  on  CT  and  MRI  imaging). 


(A)  Axial  post-contrast  CT  image  shows  dilated  left  Stensen’s  duct 
(arrow).  (B)  Axial  T2- weighted  MRI  confirms  dilated  duct  (arrow).  (C) 
Coronal  T2- weighted  MRI  confirms  dilated  Stensen’s  duct  (arrow)  and 
shows  prominent  right  Wharton’s  duct  as  well  (arrowhead) 


12.4  Sialolithiasis 

Figs.  12.7,  12.8,  12.9,  12.10,  12.11,  12.12,  12.13,  12.14, 
12.15,  12.16,  and  12.17 

12.4.1  Definition 

Formation  of  sialoliths  (calculi,  stones)  in  ducts  or  secretary 
portions  of  the  salivary  glands. 

1 2.4.2  Clinical  Features 

-  Small  stones  may  disappear  spontaneously 

-  Small  stones  may  be  symptomatic;  large  stones  may  be 
asymptomatic 


-  Leads  to  reduced  salivary  flow,  hyposalivation 

-  May  result  in  retrograde  infection;  an  abscess  or  more 
commonly,  a  chronic  recurrent  sialoadenitis  with  inter¬ 
mittent  swelling  and  tenderness/pain,  usually  at  meals 

-  Total  obstruction  will  eventually  lead  to  parenchyma 
atrophy 


1 2.4.3  Imaging  Features 

-  Round  or  oval  calcifications  typical;  10-20%  are 
radiolucent 

-  Most  stones  are  solitary;  about  25%  multiple 

-  80-90%  in  submandibular  gland  or  Wharton’s  duct;  about 
85%  in  duct 
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Fig.  12.7  Submandibular  gland  multilocular  abscess  due  to  stone  in  submandibular  gland  with  abscess  (arrow)  and  thickening  of  the  pla- 
Wharton’s  duct;  69-year-old  male  with  intermittent  submandibular  tysma.  (B)  Axial  post-contrast  CT  image  shows  stone  in  submandibular 
swelling  and  tenderness.  (A)  Axial  post-contrast  CT  shows  enlarged  duct  (arrow) 
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Fig.  12.8  Submandibular  sialoadenitis  with  cellulitis  due  to  Wharton’s 
duct  stone  that  was  spontaneously  expelled  within  2  days;  59-year-old 
female  with  right  mandibular  swelling  and  pain  that  reduced  signifi¬ 
cantly  after  stone  was  expelled  intraorally.  (A)  Axial  post-contrast  CT 
image  shows  diffuse  enlargement  of  the  right  submandibular  gland 
(arrow)  with  thickened  platysma  ( large  arrowhead ),  stranding  in 


overlying  fat,  and  right  small  submandibular  lymphadenopathy  (small 
arrowheads ).  (B)  Axial  post-contrast  CT  image  shows  small  stone  in 
Wharton’s  duct  (arrow).  (C)  Axial  post-contrast  CT  image  2  days  later 
shows  significantly  reduced  swelling.  (D)  Axial  post-contrast  CT  image 
2  days  later  shows  no  evidence  of  stone 
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Fig.  12.9  Submandibular  sialoadenitis  due  to  stone  in  distal  duct; 
59-year-old  female  with  right  submandibular  swelling.  (A)  Axial  post¬ 
contrast  CT  image  shows  enlarged  submandibular  gland  with  stranding 


and  reticulation  of  periglandular  fat  (arrow).  (B)  Axial  CT  image  shows 
stone  in  the  anterior  part  of  Wharton’s  duct  (arrow) 


Fig.  12.10  Submandibular  duct  stone;  55-year-old  male  with  inciden¬ 
tal  finding  of  painless  swelling  in  the  floor  of  the  mouth  and  no  history 
of  pain  or  variable  swelling.  (A)  Intraoral  occlusal  view  shows  large 


stone  in  Wharton’s  duct  (asterisk).  (B)  Clinical  photograph  during  sur¬ 
gery  shows  stone  after  surgical  incision  (arrow).  (C)  Clinical  photo¬ 
graph  of  “released”  stone  (about  28  mm  long) 
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Fig.  12.1 1  Submandibular  gland  stone;  86-year-old  female  with  sub¬ 
mandibular  pain.  Axial  post-contrast  CT  image  shows  small  stone  in  the 
hilum  of  submandibular  gland  (arrow) 


Fig.  1 2.1 2  Submandibular  gland  stone;  79-year-old  female  with  left 
submandibular  mass  for  about  2  months.  Axial  post-contrast  CT  image 
shows  stone  in  the  hilum  of  submandibular  gland  (arrow) 


Fig.  12.13  Submandibular  gland  stone;  61 -year-old  male,  heavy 
drinking  smoker,  with  incidental  finding  of  a  hard  submandibular  mass, 
which  had  been  painless  for  more  than  10  years;  question  of  oral  cancer 
in  soft  palate.  Axial  post-contrast  CT  image  shows  large  stone  in  sub¬ 
mandibular  gland  (asterisk) 


Fig.  12.14  Parotid  duct  stone;  59-year-old  female  with  intermittent 
parotid  gland  swelling  for  about  6  months;  question  about  parotitis  or 
tumor.  Axial  post-contrast  CT  image  shows  stone  in  dilated  Stensen’s 
duct  (arrow)  and  some  enlarged  and  irregularly  (scattered)  enhanced 
gland  consistent  with  chronic  sialoadenitis 
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Fig.  12.15  Sialolithiasis  and  reduced  salivary  flow,  but  normal  sub¬ 
mandibular  parenchyma  and  Wharton’s  duct  sialogram;  72-year-old 
male  with  intermittent  swelling  related  to  meals  for  about  2  weeks.  (A) 
Panoramic  view  shows  a  small  stone  in  the  posterior  part  of  Wharton’s 
duct  (arrow).  (B)  Occlusal  view  shows  another  small  stone  in  the  ante¬ 
rior  part  of  submandibular  duct  (arrow).  (C)  Clinical  photograph  shows 


silver  probe  to  dilate  submandibular  duct.  (D)  Clinical  photograph 
shows  catheter  in  submandibular  duct.  (E)  Submandibular  sialogram 
shows  normal  parenchymatous  filling  with  filling  void  from  stone 
(arrow)  but  otherwise  normal  Wharton’s  duct.  (F)  Retention  of  contrast 
medium  (arrow)  after  15  min  confirms  reduced  salivary  flow 
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Fig.  12.1 6  Stenosis  of  Stensen’s  duct  with  reduced  salivary  flow,  with 
sialodochitis  and  sialoadenitis;  47-year-old  female  with  intermittent 
parotid  swelling  and  discharge  of  mucus.  (A)  Parotid  sialogram  shows 
severely  dilated  duct  with  one  stricture  (arrow)  and  dilated  intraglan- 
dular  ducts  with  degenerated  parenchyma  (most  of  it  not  visualized); 
no  calculi  detected.  (B)  Parotid  sialogram  after  5  min  shows  severe 


retention  of  contrast  medium,  confirming  reduced  salivary  flow. 
(C)  Normal  sialogram  (another  patient  for  comparison).  (D)  Advanced 
chronic  sialoadenitis  (another  patient  for  comparison),  with  multiple 
scattered  nonuniform  collections  of  contrast  medium  (sialectasias)  due 
to  radiolucent  stone,  void  of  contrast  filling  (arrow) 
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Fig.  12.1 7  Submandibular  gland  stone  with  sialodochitis  and  siaload- 
enitis;  60-year-old  male  with  5  days  of  painful  swelling  of  the  left  sub¬ 
mandibular  region  and  increasing  symptoms  when  eating.  (A)  US 
image  of  left  submandibular  gland  shows  widened  intraglandular  ducts 
(« arrowheads )  and  a  reflecting  object  (arrow)  suspicious  of  stone.  (B) 


Axial  and  C  coronal  CT  images  show  a  proximal  stone  (arrow)  in  the 
left  Wharton’s  duct  close  to  the  submandibular  gland  which  is  swollen 
(compared  to  right  side)  with  widened  intraglandular  ducts 
(arrowhead) 


1 2.5  Sjogren's  Syndrome 

Figs.  12.18,  12.19,  12.20,  and  12.21 

12.5.1  Definition 

Chronic,  systemic  autoimmune  disease  of  exocrine  glands 
characterized  by  periductal  lymphocytic  aggregates  that 
extend  into  and  destroy  salivary  and  lacrimal  parenchyma 
primarily,  but  also  other  exocrine  glands. 

May  produce  a  localized  parenchymal  mass;  benign  lym- 
phoepithelial  lesion. 


Diagnosis  is  based  on  a  set  of  criteria:  subjective  symp¬ 
toms  of  dry  mouth  and  eyes,  confirmation  of  xerostomia  and 
xerophthalmia  by  clinical  tests,  serologic  evidence  of  auto¬ 
antibodies,  and  histologic  evidence  of  salivary  lymphocytic 
infiltration  by  labial  or  parotid  biopsy. 

1 2.5.2  Clinical  Features 

-  Primary  Sjogren’s  syndrome  or  secondary;  associated  with 
a  connective  tissue  disease,  usually  rheumatoid  arthritis 

-  Second  in  frequency  to  rheumatoid  arthritis  of  all  autoim¬ 
mune  diseases 

-  Predominantly  women,  40-60  years  of  age 


12.5  Sjogren's  Syndrome 
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-  Tender  glandular  swelling;  recurrent  episodes 

-  Nonpainful  glandular  enlargement 

-  Xerostomia  and  keratoconjunctivitis  sicca 

-  Higher  risk  of  developing  non-Hodgkin’s  lymphoma, 
extranodal  in  particular 

1 2.5.3  Imaging  Features 

-  Parotid  glands  involved,  but  occasionally  also  subman¬ 
dibular  glands 

-  Lymphadenopathy  typically  absent 

-  Earliest  sialographic  signs:  multiple  peripheral  punctate 
collections  (1  mm  or  less)  of  contrast  medium  with  con¬ 
ventional  sialography  (“leafless  fruit-laden  tree”)  uni¬ 
formly  distributed  in  the  gland,  later  with  larger  globular 
collections  of  contrast  medium  due  to  parenchyma 
destruction  but  characteristically  with  normal  central  duct 


system;  contrast  medium  drains  from  the  main  ducts  but 
remains  in  punctate  and  globular  collections 
With  reduced  salivary  flow,  ascending  superimposed 
sialoadenitis  and  sialodochitis  will  develop 
CT  and  MRI  images  normal  in  early  disease,  then  vari¬ 
able  enlargement 

T1 -weighted  MRI:  multiple  punctate  changes  of  low  den¬ 
sity  uniformly  distributed  in  gland  earliest  signs,  diagnos¬ 
tic  for  Sjogren’s  syndrome 

T2- weighted  MRI:  multiple  punctate  changes  have  high 
signal  reflecting  watery  saliva 

Punctuate  changes  will  progress  to  globular,  cavitary,  and 
destructive  abnormalities 

At  end  stage  a  honeycomb  appearance  may  develop,  with 
multiple  cystic  lesions  and  abnormally  dense 
parenchyma 

MR  sialography  has  been  found  to  correlate  with  conven¬ 
tional  sialography  and  with  labial  biopsy  findings 


Fig.  12.18  Sjogren’s  syndrome;  80-year-old  female  with  long  history 
of  disease.  Axial  post-contrast  CT  image  (from  CT  angiography)  shows 
multiple  punctate  calcifications  in  parotid  glands,  bilaterally 
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Fig.  12.19  Sjogren’s  syndrome;  31-year-old  female  with  2-year  his¬ 
tory  of  swelling,  mostly  of  the  right  parotid  gland  but  also  of  the  left. 
(A)  Conventional  sialography  shows  multiple  strictures  and  dilatations 
consistent  with  sialodochitis  and  poor  filling  of  parenchyma,  with  some 
punctate  contrast  medium  collections.  (B)  T1 -weighted  MRI  shows 
some  swelling  of  the  right  parotid  gland  which  has  a  little  less  signal 


than  the  left  gland  and  with  multiple  small  irregularities.  (C) 
T2- weighted  fat- suppressed  MRI  shows  small  cystic  fluid- filled  irregu¬ 
larities  consistent  with  chronic  sialoadenitis.  Note  dilated  parotid  duct 
along  masseter  muscle  (arrow).  (D)  Sagittal  T2- weighted  MRI  of  the 
right  side  shows  dilated  parotid  duct  (arrow).  (E)  Sagittal  T2- weighted 
MRI  of  the  left  side  shows  no  dilated  duct  for  comparison 


12.5  Sjogren's  Syndrome 
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Fig.  12.20  Sjogren’s  syndrome,  advanced  stage;  64-year-old  female  (arrows).  (B)  Axial  T2- weighted  MRI  shows  honeycomb  areas  of  high- 
with  history  of  Sjogren’s  syndrome  and  multiple  sclerosis  presents  with  signal  watery  saliva  in  parotid  glands  (arrows),  both  superficial  and 

enlargement  of  both  parotid  glands.  (A)  Axial  T1 -weighted  MRI  shows  deep  lobes 

enlarged  parotid  glands  with  multiple  low-signal  cystic  changes 


Fig.  12.21  Sjogren’s  syndrome,  advanced  stage;  32-year-old  female 
with  recurrent  parotitis  for  years,  finally  diagnosed  with  Sjogren’s  syn¬ 
drome.  Axial  post-contrast  CT  image  shows  bilaterally  enlarged  parotid 
glands  with  multiple  cystic  lesions  surrounded  by  heterogeneously 
enhanced  tissue  (arrows) 
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1 2.6  Benign  Lymphoepithelial  Cysts 
Associated  with  HIV-AIDS 

Fig.  12.22 

12.6.1  Definition 

Mixed  cystic  and  solid  intraglandular  masses  in  HIV-AIDS. 


1 2.6.3  Imaging  Features 

-  Bilateral  multiple  cystic  and  solid  masses 

-  T1 -weighted  MRI:  low  signal 

-  T2- weighted  MRI:  high  (cyst)  or  low  (solid  mass)  signal 

-  T1 -weighted  post-Gd  MRI:  rim  enhancement  of  cysts, 
heterogeneous  or  homogeneous  enhancement  of  solid 
masses 


1 2.6.2  Clinical  Features 

-  Bilaterally  enlarged  parotid  glands 

-  Rarely  in  submandibular  or  sublingual  glands 

-  Reactive  adenoid,  tonsils,  and  lymphadenopathy 


Fig.  12.22  Benign  bilateral  lymphoepithelial  cysts;  53-year-old  male  ( arrows )  and  a  solid  lesion  {arrowhead).  (B)  Axial  T1 -weighted  fat- 
with  AIDS  presents  with  bilaterally  enlarged  parotid  glands.  (A)  Axial  suppressed  post-Gd  MRI  shows  rim  enhancement  of  cysts  ( arrows )  and 
T2- weighted  fat- suppressed  MRI  shows  bilateral  fluid- filled  cysts  contrast  enhancement  of  solid  lesion  (< arrowhead ) 


12.7  Ranula 
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12.7  Ranula 

Fig.  12.23 

12.7.1  Definition 

Mucous  retention  cyst,  or  mucocele,  primarily  in  sublingual 
gland  or  its  ductal  elements. 

Simple  or  plunging  (diving)  cyst;  involves  submandibular 
space  with  pseudocyst. 

1 2.7.2  Clinical  Features 

-  Painless  sublingual  soft  swelling,  probably  from  trauma 
or  infection 


1 2.7.3  Imaging  Features 

-  CT:  well-defined  ovoid  low-density  cyst  with  thin  wall 

-  Enhancing  wall,  thickened  if  infected 

-  T1 -weighted  MRI:  low  signal 

-  T2- weighted  MRI:  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  enhancement  except  cyst 
wall,  in  particular  if  infected 

-  Simple  form  (most  common)  and  a  deep  or  plunging  form 
that  penetrates  to  submandibular  space  behind  or  through 
mylohyoid  muscle  because  of  cyst  wall  rupture 


Fig.  1 2.23  Sublingual  (simple)  ranula;  24-year-old  male  with  a  sublin¬ 
gual  lump  for  about  2  months  (clinical  suspicion  of  neoplasm  in  the 
floor  of  the  mouth),  with  incidental  finding  of  a  mandibular  cyst.  (A) 
Axial  T1 -weighted  MRI  shows  well-defined  oval  low- signal  area  in  the 
floor  of  the  mouth  on  the  right  side  (arrow)  and  low-signal  marrow  in  a 
region  of  the  left  mandible  (arrowhead).  (B)  Axial  T2- weighted 


fat-suppressed  MRI  shows  high-signal  area  in  the  floor  of  the  mouth 
(arrow)  and  high- signal  area  in  marrow  of  the  mandible  (arrowhead). 
Note  dilated  Wharton’s  duct  on  the  right  side  (small  arrowhead).  (C) 
Coronal  T1 -weighted  fat-suppressed  post-Gd  MRI  shows  no  enhance¬ 
ment  of  ranula  except  in  the  periphery  (arrow),  probably  due  to  infec¬ 
tion/inflammation  with  capsular  hyperemia 
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12.8  Tumors 

1 2.8.1  Clinical  Features  (in  General) 

-  Usually  a  painless  mass;  may  be  tender 

-  Salivary  gland  tumors  represent  fewer  than  3%  of  all 
tumors 

-  75-85%  of  all  salivary  gland  tumors  occur  in  parotid 
gland;  most  are  benign;  minor  salivary  glands,  palate  in 
particular,  and  submandibular  glands,  will  have  most  of 
the  remainder;  sublingual  tumors  very  rare 

-  However,  a  mass  in  submandibular  gland,  even  more  so 
for  a  mass  in  sublingual  gland,  has  a  greater  chance  of 
being  malignant  than  does  a  mass  in  parotid  gland 

-  It  has  been  estimated  that  for  100  parotid  tumors  there  are 
10  submandibular  and  10  minor  salivary  gland  tumors 
and  only  one  sublingual  tumor 


1 2.8.2  Imaging  Features  (in  General) 

-  An  ill-defined  mass  should  be  suspicious  for  malignancy 

-  However,  it  may  be  difficult  to  differentiate  between 
benign  and  malignant  salivary  gland  tumors  since  both 
types  commonly  have  a  benign  appearance  and  are  well 
defined  and  cystic 


12.9  Benign  Tumors 

A  number  of  benign  tumors  may  occur  in  the  salivary  glands. 


1 2.1 0  Pleomorphic  Adenoma  (Benign  Mixed 
Tumor) 


12.10.1  Definition 

Tumor  of  variable  capsulation  characterized  microscopi¬ 
cally  by  architectural  rather  than  cellular  pleomorphism. 
Epithelial  and  modified  myoepithelial  elements  intermin¬ 
gle  with  tissue  of  mucoid,  myxoid,  or  chondroid  appear¬ 
ance.  Epithelial  and  myoepithelial  components  form  ducts, 
strands,  sheets,  or  structures  resembling  a  swarm  of  bees. 
Squamous  metaplasia  is  found  in  about  25%  of  pleomor¬ 
phic  adenomas  (WHO). 

1 2.1 0.2  Clinical  Features 

-  Most  frequent  salivary  gland  tumor;  70-80%  of  all  benign 
tumors  of  major  salivary  gland 

-  More  than  80%  in  parotid  gland,  and  predominantly  lat¬ 
eral  to  the  plane  of  the  facial  nerve 

-  Most  frequent  tumor  of  minor  salivary  glands  as  well, 
although  about  half  of  all  minor  salivary  gland  tumors,  or 
even  more,  have  been  reported  as  malignant 


1 2.1 0.3  Imaging  Features 

-  Well-defined  mass,  highly  variable  size,  cystic,  lobulated 

-  Small  tumors  show  homogeneous  enhancement;  large, 
lobulated  tumors  show  heterogeneous  enhancement 

-  May  show  calcification 

-  T1 -weighted  MRI:  small  tumors  show  homogeneous,  low 
signal;  large,  lobulated  tumors  show  heterogeneous  low  to 
intermediate  signal 

-  T2- weighted  MRI  and  STIR:  small  tumors  show  homoge¬ 
neous  high  signal;  large,  lobulated  tumors  show  heteroge¬ 
neous  intermediate  to  high  signal 

-  T1 -weighted  post-Gd  MRI:  variable,  heterogeneously 
mild  to  moderate  enhancement 


Figs.  12.24,  12.25,  12.26,  and  12.27 


12.10  Pleomorphic  Adenoma  (Benign  Mixed  Tumor) 
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Fig.  12.24  Parotid  pleomorphic  adenoma,  superficial  lobe,  small; 
62-year-old  female  with  lump  in  the  right  parotid  gland.  (A)  Axial 
Tl-weighted  MRI  shows  rather  well-defined  small  low-signal  mass 
superficial  in  the  right  parotid  (arrow).  (B)  Axial  T2- weighted 


fat- suppressed  MRI  shows  high-signal  mass  (arrow).  (C)  Axial 
Tl-weighted  fat-suppressed  post-Gd  MRI  shows  intense  contrast 
enhancement  (arrow).  (D)  Coronal  Tl-weighted  fat- suppressed  post- 
Gd  MRI  confirms  contrast  enhancement  of  tumor  (arrow) 
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Fig.  12.25  Parotid  pleomorphic  adenoma,  superficial  lobe;  61 -year- 
old  female  with  history  of  left  parotid  tumor  surgery,  now  with  multifo¬ 
cal  recurrence.  (A)  Axial  T1 -weighted  MRI  shows  low-signal  mass  in 
the  posterior  portion  of  the  left  parotid  gland  (arrow)  and  in  accessory 


gland  (arrowhead).  (B)  Axial  T2- weighted  MRI  shows  high- signal 
tumor  superficial  to  masseter  muscle  in  addition  to  the  posterior  portion 
of  the  gland  (arrow).  (C)  Coronal  STIR  MRI  shows  high- signal  cystic 
tumor  masses  just  beneath  the  skin  (arrow) 


12.10  Pleomorphic  Adenoma  (Benign  Mixed  Tumor) 
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Fig.  12.26  Parotid  pleomorphic  adenoma,  deep  lobe;  40-year-old 
female  with  swelling  of  the  right  parotid  gland.  (A)  Axial  T1 -weighted 
MRI  shows  well-defined  low- signal  mass  in  deep  lobe  of  the  right 
parotid  gland  (arrow).  (B)  Axial  T2- weighted  MRI  shows  well-defined 
homogeneous  high- signal  mass  (arrow).  (C)  Coronal  STIR  MRI  shows 


well-defined  high-signal  mass  in  larger  portion  of  the  parotid  gland 
(arrow).  (D)  Axial  T1  -weighted  post-Gd  MRI  shows  contrast  enhance¬ 
ment  in  the  posterior  portion  of  tumor  (arrow).  (E)  Coronal  T1  -  weighted 
post-Gd  MRI  confirms  no  contrast  enhancement  in  the  anterior  portion 
of  tumor  (arrow) 


434 


12  Salivary  Glands 


Fig.  1 2.27  Parotid  pleomorphic  adenoma;  67-year-old  male  with  pain- 
free  small  swelling  of  the  right  parotid  gland.  (A)  US  and  (B)  US 
(Doppler)  show  well-defined  hypoechoic  mass  (arrow)  and  hyper- 
echoic,  vascularized  area.  (C)  Axial  post-contrast  CT  image  shows 


1 2.1 1  Warthin's  Tumor  (Papillary 

Cystadenoma  Lymphomatosum) 

Fig.  12.28 

12.11.1  Definition 

Identity  has  changed  over  the  years.  Although  originally 
defined  as  a  neoplasm,  it  is  now  considered  to  be  an  immune 
reaction  to  either  heterotopic  or  metaplastic  disease. 

12.11.2  Clinical  Features 

-  Second  most  common  salivary  gland  tumor  after  pleo¬ 
morphic  adenoma 

-  Accounts  for  6-30%  of  parotid  tumors 


heterogeneous  density  of  somewhat  enlarged  right  parotid  gland  (arrow). 
(D)  Axial  PET-CT  image  shows  slightly  elevated  FDG  metabolism 
(arrow) 


1 2.1 1 .3  Usually  presenting  as  a  pain-free 
massimaging  Features 

-  Similar  to  pleomorphic  adenoma,  but  often  cystic:  does 
not  enhance 

-  May  be  bilateral  (10%) 

-  Ultrasound:  rounded  or  lobulated  heterogeneous  mass 
that  may  have  cystic  changes  with  hyperechoic  internal 
septation 

-  MRI:  heterogeneous,  with  intermediate  signal  intensity 
on  T1  and  internal  high  (cystic)  signal  intensity  on  T2 

-  Cells  within  Warthin's  tumor  have  a  high  mitochondrial 
content  and  preferentially  take  up  Tc-99m  pertechnetate, 
appearing  as  hot  spot  on  radionuclide  scintigraphy 


12.12  Hemangioma 
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Fig.  12.28  Warthin’s  tumor, 
parotid  gland;  56-year-old 
female  with  swelling  of  the 
left  parotid  gland.  (A)  Axial 
post-contrast  CT  image  shows 
well-circumscribed,  nodular 
homogeneously  enhanced 
lesion  (arrow).  (B)  Axial 
PET-CT  image  shows  intense 
FDG  metabolism  (arrow) 


12.12  Hemangioma 

Figs.  12.29  and  12.30 

12.12.1  Definition 

Benign  tumor  of  proliferating  endothelial  cells. 

12.12.2  Clinical  Features 

-  Most  frequent  nonepithelial  salivary  gland  tumor;  nonepi- 
thelial  tumors  represent  fewer  than  5%  of  all  salivary 
tumors 

-  Predominantly  in  the  parotid  gland 


-  Most  common  salivary  gland  tumor  during  infancy  and 
childhood;  90%  of  all  parotid  tumors  in  first  year  of  life 

-  Premature  infants  in  particular 

-  Females  more  than  males 

12.12.3  Imaging  Features 

-  Soft- tissue  mass,  frequently  lobulated,  isodense  to  muscle 
at  CT,  contrast  enhancing 

-  Uni-  or  bilateral,  single  or  multiple 

-  T1 -weighted  MRI:  isointense  to  muscle 

-  T2- weighted  MRI:  high  signal 

-  T1 -weighted  post-Gd  MRI:  intense  contrast 

enhancement 
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Fig.  12.29  Parotid  infantile  hemangioma;  9-month-old  female  with 
soft  asymptomatic  swelling  of  the  left  parotid  gland.  (A)  Axial 
T1 -weighted  MRI  shows  well-defined  mass  isointense  to  muscle  in  the 
left  parotid  gland  (arrow)  with  no  reaction  in  surrounding  fat.  (B)  Axial 
T2-weighted  fat- suppressed  MRI  shows  high-signal  mass  (arrow)  and 


linear  flow  voids.  (C)  Axial  T1 -weighted  post-Gd  MRI  shows  enhance¬ 
ment  of  mass  (arrow)  with  rim  of  nonenhancing  parotid  gland  around 
mass.  (D)  Coronal  T1 -weighted  post-Gd  MRI  confirms  enhancement  of 
mass  (arrow)  surrounded  by  nonenhancing  parenchyma 


12.12  Hemangioma 
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Fig.  12.30  Parotid  infantile  hemangioma;  4-month-old  male  present¬ 
ing  with  soft  enlargement  of  the  left  parotid  gland  and  a  “birthmark”  on 
the  left  cheek.  (A)  Axial  T1 -weighted  MRI  shows  enlargement  of  the 
left  parotid  gland  (arrow)  with  flow  voids  from  large  sinusoidal  vessels 


(arrowhead).  (B)  Axial  T2-weighted  fat- suppressed  MRI  shows  mass 
with  high  signal  (arrow).  (C)  Axial  T1 -weighted  fat- suppressed  post- 
Gd  MRI  shows  marked  homogeneous  contrast  enhancement  (arrow) 
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12.13  Malignant  Tumors 

A  number  of  malignant  tumors  may  occur  in  the  salivary 
glands. 


About  80%  in  parotid  gland;  nearly  20%  in  submandibu 
lar  gland 

Majority  non-Hodgkin’s  and  B-cell  type 

More  frequently  in  patients  with  autoimmune  diseases 


12.14  Lymphoma 

Fig.  12.31 

12.14.1  Definition 

Malignant  neoplasm  of  cells  from  the  lymphatic  system. 

12.14.2  Clinical  Features 


1 2.1 4.3  Imaging  Features  (Parotid  Gland) 

-  Most  commonly  in  intraglandular  lymph  nodes  or  from 
mucosa-associated  lymphoid  tissue  (MALT) 

-  One  or  more  well-defined  masses,  usually  mild,  homoge¬ 
neous  contrast  enhancing,  but  may  show  heterogeneous 
contrast  enhancement 

-  MRI:  homogeneous  intermediate  signal  intensity  on  all 
imaging  sequences;  mild  contrast  enhancement 


-  Rare  entity  in  salivary  glands 


Fig.  12.31  Submandibular  gland  non-Hodgkin’s  B-cell  lymphoma; 
56-year-old  female  with  weight  loss,  poor  general  condition,  and  lump 
in  submandibular  region;  no  pathologic  lymph  nodes  were  found  by 
surgery.  Axial  post-contrast  CT  image  shows  low-density  mass  with 
enhancing  peripheral  rim  of  the  remaining  parenchyma  of  the  left  sub¬ 
mandibular  gland  (arrow),  with  normal  right  gland  for  comparison 
(arrowhead) 


12.16  Mucoepidermoid  Carcinoma 
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12.15  Carcinomas 

A  number  of  different  epithelial  cancers  may  occur  in  the 
salivary  glands 

12.16  Mucoepidermoid  Carcinoma 

Fig.  12.32 

12.16.1  Definition 

Tumor  characterized  by  the  presence  of  squamous  cells, 
mucus-producing  cells,  and  cells  of  intermediate  type 
(WHO). 

1 2.1 6.2  Clinical  Features 


-  7-41%  of  minor  salivary  gland  tumors;  most  common 
malignant  minor  salivary  gland  tumor 

-  About  half  of  cases  in  major  salivary  glands;  80%  in 
parotid  gland 

-  Usually  in  age  group  35-65  years 

-  Most  common  malignant  salivary  gland  tumor  in  patients 
under  20  years  of  age 


1 2.1 6.3  Imaging  Features 

-  May  look  benign  with  well-defined,  smooth  borders  and 
cystic  areas 

-  Occasionally  focal  calcification  may  be  seen 

-  May  have  similar  appearance  to  pleomorphic  adenomas, 
in  particular  low-grade  (less  aggressive)  mucoepidermoid 
carcinomas 


-  3-16%  of  all  salivary  gland  tumors 

-  12-29%  of  malignant  salivary  gland  tumors 


Fig.  12.32  Parotid  high-grade  mucoepidermoid  carcinoma  (with  evi¬ 
dent  inflammatory  response);  59-year-old  female  with  tender  swelling 
of  the  right  parotid  gland.  (A)  Axial  post-contrast  CT  image  shows 
well-defined  expansive,  cystic,  low-density  mass  with  contrast-enhanced 


periphery  (arrow)  in  the  superficial  lobe,  and  calcification  consistent 
with  sialolith  (arrowhead).  (B)  Axial  post-contrast  CT  image  (more 
cranial  than  image  A)  shows  lobulated,  heterogeneously  enhanced 
mass;  mostly  without  enhancement  (arrow) 
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1 2.1 7  Acinic  Cell  Carcinoma  -  Vast  majority  in  parotid  gland,  minor  salivary  glands  sec¬ 

ond  most  common  site 

Figs.  12.33  and  12.34  -  Most  common  malignant  salivary  gland  tumor  after  muco¬ 

epidermoid  carcinoma  in  childhood  and  adolescence 

12.17.1  Definition 

Malignant  epithelial  tumor  that  demonstrates  some  cytologi-  1 2.1 7.3  Imaging  Features 

cal  differentiation  toward  acinar  cells  (WHO). 

-  Nonspecific,  benign  appearance,  well-defined  mass,  may 
be  cystic 

1 2.1 7.2  Clinical  Features  -  May  have  similar  appearance  to  pleomorphic  adenomas 

-  Recurrent  tumors  can  be  multinodular 

-  7-18%  of  all  malignant  salivary  tumors 

-  10-30%  of  parotid  malignancies 


Fig.  12.33  Parotid  acinic  cell  carcinoma;  11 -year-old  female  with 
painless  swelling  of  the  right  parotid  gland  that  did  not  respond  to  anti¬ 
biotic  treatment.  (A)  Axial  T1 -weighted  MRI  shows  well-defined  low- 
to-intermediate  signal  mass  in  the  posterior  portion  of  the  right  parotid 
gland  (arrow).  (B)  Axial  T2-weighted  MRI  shows  high  heterogeneous 
signal  from  well-defined  mass  (arrow).  (C)  Axial  Tl-weighted 


fat-suppressed  post-Gd  MRI  shows  slight  contrast  enhancement  of 
mass  (arrow).  (D)  Coronal  Tl-weighted  MRI  shows  well-defined  mass 
occupying  large  portion  of  the  posterior  aspect  of  the  parotid  gland 
(arrow).  (E)  Axial  diffusion- weighted  MRI  demonstrates  high  signal 
from  mass  indicating  high  cellular  density  (arrow) 


12.18  Adenocarcinoma 
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Fig.  12.34  Parotid  (deep  lobe)  acinic  cell  carcinoma;  69-year-old 
asymptomatic  female  found  to  have  3  cm  parapharyngeal  mass  on  head 
MRI  (obtained  due  to  headache).  (A)  Axial  T2- weighted  MRI  shows 
well-defined  expansive,  multicystic,  intermediate  signal  intensity  mass 


12.18  Adenocarcinoma 

Fig.  12.35 

12.18.1  Definition 

Carcinoma  with  glandular,  ductal,  or  secretory  differentiation 
that  does  not  fit  into  other  categories  of  carcinoma  (WHO). 

12.18.2  Clinical  Features 

-  Rare  entity  in  salivary  glands 

-  Minor  salivary  (in  particular  palate)  and  parotid 
glands  more  common  than  submandibular  and  sublingual 
glands 


12.18.3  Imaging  Features 

-  Unspecific  mass;  variable  enhancement 


in  the  left  parapharyngeal  space  (arrow).  (B)  Axial  T1  -weighted  MRI 
shows  low  signal  intensity  (deep  lobe)  lesion  (arrow)  displacing  sur¬ 
rounding  structures.  (C)  Axial  CT  image  shows  14  gauge  core  biopsy 
needle  in  lesion 


Fig.  1 2.35  Sublingual  gland  adenocarcinoma;  84-year-old  male  with 
Marfan  syndrome  and  aortic  insufficiency,  presenting  with  moderately 
tender  sublingual  lump.  Axial  post-contrast  CT  image  shows  rather 
well-defined  contrast-enhancing  sublingual  mass  (arrow)  extending  to 
submandibular  gland  region,  dislocating  the  right  genioglossus  muscle 
toward  the  left  and  mylohyoid  muscle  laterally  and  inferiorly 
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12  Salivary  Glands 


1 2.1 9  Adenoid  Cystic  Carcinoma 

Figs.  12.36  and  12.37 

12.19.1  Definition 

Specific  and  rare  variant  of  adenocarcinoma  defined  by  the 
presence  of  a  dual  population  of  cells  (epithelial  and  myoepi¬ 
thelial  cells)  organized  in  varying  combinations  of  cribri¬ 
form,  tubular,  and  solid  patterns. 


12.19.2  Clinical  Features 

-  Tendency  to  perineural  spread,  or  spread  through 
bloodstream 

-  Spreads  to  lymph  node  in  5-10% 

-  Lung  most  common  place  of  metastases 

-  In  one  study,  higher  frequency  in  submandibular  gland 
than  in  the  maxillary  sinus,  parotid  gland,  and  palate 

12.19.3  Imaging  Features 

Unspecific  mass;  variable  enhancement 


12.19  Adenoid  Cystic  Carcinoma 
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Fig.  12.36  Submandibular  gland  adenoid  cystic  carcinoma:  46-year- 
old  female  with  swelling  in  the  floor  of  the  mouth.  (A)  US  and  (B)  US 
(Doppler)  images  show  encapsulated  mass  (arrow)  with  increased  vas¬ 
cularity  and  mildly  heterogeneous  echogenicity.  (C)  Axial  contrast- 
enhanced  CT  image  shows  avid  enhancement  with  multicystic  pattern 
within  mass  (arrow).  (D)  Axial  PET-CT  shows  avid,  heterogeneous 


FDG  uptake  (arrow).  (E)  Axial  T1 -weighted  MRI  shows  low  signal 
intensity  (arrow),  (F)  Axial  T2- weighted  MRI  shows  heterogeneous 
high  signal,  and  (G)  axial  T1  -weighted  fat- suppressed  post-Gd  MRI 
shows  heterogeneous  contrast  enhancement  with  microcystic  features 
(arrow)  (courtesy  of  Dr.  Lennart  Flygare,  Umea  University  Hospital, 
Umea,  Sweden) 
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12  Salivary  Glands 


1 2.20  Carcinoma  ex  Pleomorphic  Adenoma 

Pleomorphic  adenoma  may  occasionally  develop  into 
malignancy. 


Fig.  12.37  Carcinoma  ex  pleomorphic  adenoma,  parotid  gland; 
65-year-old  male  with  swelling  of  right  parotid  gland  area.  (A)  US  and 
(B)  US  (Doppler)  images  show  large  intraparotid  mass  (arrow)  with 
rich  and  patchy  vascularity.  Note  the  central  area  of  low  echogenicity 
indicating  necrotic  component  raising  suspicion  of  malignancy.  (C) 


Axial  and  (D)  coronal  contrast-enhanced  CT  images  show  avid,  hetero¬ 
geneous  contrast  enhancement  (arrow),  central  necrotic  area,  and 
ingrowth  into  the  sternocleidomastoid  muscle  and  subcutaneous/cuta¬ 
neous  tissue  layers  (courtesy  of  Dr.  Lennart  Flygare,  Umea  University 
Hospital,  Umea,  Sweden) 
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Abstract 

This  chapter  illustrates  Cervical  Spine;  calcific  tendinitis  longus  colli,  ossification  of  poste¬ 
rior  longitudinal  ligament,  rheumatoid  pannus  at  craniocervical  junction,  tuberculosis  at 
craniocervical  junction,  Chiari  malformation  type  1,  chordoma  at  craniocervical  junction, 
cervical  spine  teratoma,  cervical  spine  cord  astrocytoma,  extramedullary  cervical  lipoma 
with  cord  compression,  cervical  spine  meningioma,  cervical  spine  neurofibromatosis  type 
1  (NF-1),  cervical  spine  fracture,  Neck;  hypopharynx  abscess,  thyroid  abscess,  Tomwaldt’s 
cyst,  dermoid  cyst,  Goiter,  vocal  cord  paralysis,  neck  hemangioma,  neck  lipoma,  neck 
plexiform  neurofibroma,  pharynx  rhabdomyosarcoma,  tongue  base  carcinoma,  hypophar¬ 
ynx  carcinoma,  Burkitt’s  lymphoma,  Castleman’s  disease,  lymphadenopathy,  Skull  Base; 
mastoiditis  with  intracranial  abscess,  mastoiditis  with  sigmoid  thrombosis,  osteoradione¬ 
crosis  involving  skull  base,  Langerhans  cell  histocytosis,  fibrous  dysplasia,  giant  aneurysm 
of  skull  base,  glomus  vagale  paraganglioma,  craniopharyngioma,  pituitary  macroadenoma 
invading  skull  base,  trigeminal  schwannoma,  metastatic  disease  to  hypoglossal  canal  and 
clivus,  Orbit;  orbital  infectious  disease,  dacrycystocele  (nasolacrimal  duct),  dermoid, 
fibrous  dysplasia,  Langerhans  cell  histiocytosis,  neurofibromatosis,  hemangioma,  menin¬ 
gioma,  rhabdomyosarcoma,  and  lymphoblastic  leukemia. 


13.1  Introduction 

This  chapter  contains  a  selection  of  cases  from  structures 
surrounding  the  maxillofacial  area.  It  is  not  the  intention  to 
cover  all  abnormalities  in  these  regions  but  instead  to  give 
the  maxillofacial  radiologist  a  feel  and  sense  for  radiographic 
abnormalities  that  may  occur  in  areas  adjacent  to  the  maxil¬ 
lofacial  region.  Thus,  we  have  selected  characteristic  and 
illustrative  cases  from  the  cervical  spine,  neck,  skull  base, 
and  orbit  that  are  likely  to  be  seen  on  maxillofacial  imaging 
studies.  The  chapter  includes  chronic  and  acute  conditions, 
tumors,  inflammation,  and  degenerative  changes  and  is 
divided  into  four  parts:  cervical  spine,  neck,  skull  base,  and 
orbit.  For  a  more  complete  review  of  imaging  findings  of 
these  areas,  we  refer  the  reader  to  traditional  textbooks  on 
head  and  neck  imaging. 


13.2  Cervical  Spine 

A  portion  of  the  upper  cervical  spine  will  in  many  cases  be 
depicted  on  regular  maxillofacial  imaging  studies.  This  per¬ 
tains  to  plain  films  of  the  jaw,  lateral  cephalograms,  pan¬ 
oramic  images,  and  MRI  and  CT  scans  of  the  maxillofacial 
region.  This  short  review  of  cervical  spine  abnormalities  has 
been  done  with  this  in  mind.  It  is  not  the  purpose  to  present 
a  complete  atlas  of  cervical  pathology  but  instead  to  illus¬ 
trate  those  cases  that  the  maxillofacial  radiologist  is  likely 
to  encounter.  Thus,  we  have  included  mostly  bony  abnor¬ 
malities,  but  some  soft-tissue  lesions  are  also  illustrated. 
There  are  many  more  conditions  affecting  the  cervical  spine 
than  we  have  illustrated  such  as  demyelinating  disease, 
spondylosis,  and  nerve  root  compression  to  give  a  few 
examples. 


In  collaboration  with  R.  Sidhu  and  N.  Kakimoto. 
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13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


Fig.  13.1  Calcific  tendinitis  longus  colli;  47-year-old  male  with  neck 
pain,  clinical  question  of  retropharyngeal  abscess  or  phlegmon  in  neck. 
(A)  Lateral  view  shows  calcific  density  anteriorly  between  Cl  and  C2 


1 3.3  Calcific  Tendinitis  Longus  Colli 

Fig.  13.1 

13.3.1  Definition 

Recurrent  deposits  of  crystalline  calcium  compounds  within 

the  longus  colli  muscle. 

13.3.2  Clinical  Features 

-  Diagnosis  based  upon  clinical  presentation  and  imaging 

-  Cervical  pain,  dysphagia,  and  distinctive  radiographic 
appearance 

-  Symptoms  usually  manifest  over  a  few  days  and  often 
resolve  benignly  within  2  weeks 

-  Often  unrecognized  cause  of  acute  to  subacute  neck  pain 

-  Self-limiting  disease  which  resolves  spontaneously  with 
symptomatic  treatment 


(arrow)  with  slightly  prominent  soft  tissues.  (B)  Axial  CT  image  shows 
a  prevertebral  calcification  (arrow).  No  mass  or  lymphadenopathy 


13.3.3  Imaging  Features 

-  Calcification  at  C 1-C2  level  with  prominence  of  preverte¬ 
bral  soft  tissues 

-  Pathognomonic  lateral  neck  film  with  prevertebral  soft- 
tissue  swelling  and  amorphous  radiodensity  anterior  to 
C1-C2  vertebral  bodies 

-  CT,  axial  scans,  highly  reliable  for  diagnosis 


1 3.4  Ossification  of  Posterior  Longitudinal 
Ligament 

Figs.  13.2  and  13.3 

13.4.1  Definition 

Calcification  of  posterior  longitudinal  ligament  of  spinal 
column. 


13.4  Ossification  of  Posterior  Longitudinal  Ligament 
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Fig.  1 3.2  Ossification  of  longus  colli  ligament;  55-year-old  male  with 
a  5-year  history  of  cervical  and  lumbar  radiculopathy;  no  neurologic 
deficit  on  examination.  (A)  Axial  CT  myelography  of  the  cervical  spine 
shows  ossified  posterior  longitudinal  ligament  having  a  mushroom- 


13.4.2  Clinical  Features 

-  Histologically  this  mostly  represents  ossification  rather 
than  amorphous  calcification 

-  Most  commonly  affects  cervical  spine 

-  More  common  in  Japan  for  unknown  reasons 

-  Often  causes  neurological  symptoms  secondary  to  narrow 
spinal  canal 

-  More  frequent  in  males  than  females 

13.4.3  Imaging  Features 

-  CT  highly  reliable  for  diagnosis 

-  Often  causes  significant  spinal  canal  stenosis 

-  On  axial  CT  images,  posterior  longitudinal  ligament  is 
seen  as  a  “mushroom,”  “hill,”  “square,”  or  a  mixture  of 
these  shapes 


shaped  appearance  at  C4-C5  level  (arrow).  (B)  Well- appreciated  lucent 
line  between  posterior  margin  of  vertebral  body  and  ossified  ligament 
(arrow),  representing  connective  tissue 


-  Four  morphologic  forms:  continuous  and  segmental 
forms  account  for  95% 

-  Characteristic  sharp  radiolucent  line  separates  ossified 
posterior  longitudinal  ligament  from  posterior  vertebral 
margin;  about  50%  of  cases 

-  Segmental  form  of  ossified  posterior  longitudinal  liga¬ 
ment  needs  to  be  differentiated  from  calcified  discs  and 
posterior  osteophytes;  neither  of  these  two  conditions 
shows  a  characteristic  sharp  radiolucent  line,  and  in  con¬ 
trast  to  ossified  posterior  longitudinal  ligament,  osteo- 
phytic  growth  is  along  a  horizontal  axis 

-  Differential  diagnosis: 

-  Ankylosing  spondylitis,  which  more  commonly  affects 
the  lumbar  spine  with  syndesmophytes  rather  than 
ossification  of  posterior  longitudinal  ligament 

-  DISH  (diffuse  idiopathic  skeletal  hyperostosis)  which 
is  a  more  generalized  condition  with  extensive  calcifi¬ 
cation  and  ossification,  particularly  in  the  spine 
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Fig.  13.3  Ossification  of  longus  colli  ligament;  52-year-old  female 
with  a  history  of  left  arm  pain  and  clinical  suspicion  of  cervical  disc 
displacement  or  mass.  (A)  Axial  CT  image  shows  mushroom- shaped 
ossification  (arrow)  with  radiolucent  line  between  ossification  and  ver¬ 
tebral  body.  (B)  Sagittal  CT  image  shows  ossification  between  C2  and 


C3  (arrow),  and  segmental  ossification  at  C4-C7,  as  well  as  anterior 
osteophytes  C3-C4  consistent  with  degenerative  changes  (arrowhead). 

(C)  Lateral  view  of  another  patient  shows  severe  ossification  (arrow). 

(D)  Axial  T1 -weighted  MRI,  same  patient  as  in  (C),  shows  evident  ossi¬ 
fication  (arrow)  anterior  to  longus  colli  muscles  (arrowheads) 


13.5  Rheumatoid  Pannus  at  Craniocervical  Junction 
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1 3.5  Rheumatoid  Pannus  at  Craniocervical 
Junction 

Fig.  13.4 

13.5.1  Definition 

Hypertrophied  synovitis  with  production  of  inflammatory 
joint  fluid  containing  several  different  types  of  enzymes. 

13.5.2  Clinical  Features 

-  Cervical  spine  pain  and  limitation  of  motion 


-  Enlargement  of  retrodental  pannus  can  induce  or  aggra¬ 
vate  compressive  myelopathy 

13.5.3  Imaging  Features 

-  MRI  is  superior  imaging  method;  it  shows  both  inflam¬ 
matory  soft  tissue  and  compression  of  spinal  cord 

-  MRI  depicts  effect  of  inflammatory  process  on  neural  tis¬ 
sue,  ligaments,  bursae,  and  fat  pads 

-  Pannus:  often  low  signal  on  T1 -weighted  MRI  and  high 
signal  on  T2-weighted  MRI,  showing  contrast  enhance¬ 
ment,  depending  on  activity  of  inflammation 

-  Atlantoaxial  dislocation  or  cranial  migration  of  dens  may 
be  seen 


Fig.  13.4  Rheumatoid  pannus  at  craniocervical  junction;  46-year-old  same  mass  to  be  markedly  hyperintense  with  a  few  heterogeneous  foci 
female  with  long  history  of  rheumatoid  arthritis,  now  with  cervical  (arrow).  Kyphotic  deformity  of  mid-cervical  spine  and  degenerative 
spine  pain.  (A)  Sagittal  T1 -weighted  MRI  shows  hyperintense  mass  changes  at  C5-C6  in  particular 
anterior  to  eroded  dens  (arrow).  (B)  Sagittal  T2-weighted  MRI  shows 


452 


13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


1 3.6  Tuberculosis  at  Craniocervical  -  Thoracolumbar  commonest  site 

Junction  -  Can  occur  as  paradiscal,  central  body,  subligamentous 

type,  and  appendiceal 

Fig.  13.5  -  Commonly  involves  two  or  three  vertebrae 


13.6.1  Definition 

Granulomatous  or  caseous  type  inflammation  caused  by 
Tuberculum  bacilli. 

13.6.2  Clinical  Features 

-  Pain,  rigidity,  deformity,  cold  abscess,  and  paraplegia 


13.6.3  Imaging  Features 

-  Progressive  bone  destruction  leads  to  collapse 

-  Often  paraspinal  phlegmon 

-  T1 -weighted  MRI:  low  signal 

-  T2- weighted  MRI:  high  signal,  depending  on  activity  of 
inflammation 

-  T1  -weighted  post-Gd  MRI:  enhancing  of  inflammatory 
granulomatous  tissue 


Fig.  13.5  Tuberculosis  at  craniocervical  junction;  50-year-old  female 
presented  with  history  of  neck  ache  and  low-grade  fever  for  2  months. 
(A)  Axial  T1  -weighted  post-Gd  MRI  shows  destruction  and  erosion  of 
atlantoaxial  joint  with  an  enhancing  soft-tissue  mass  (arrows).  A  small 


epidural  component  is  seen  causing  pressure  on  thecal  sac  (arrowhead). 
(B)  Sagittal  T1  -weighted  MRI  shows  destruction  of  Cl  and  C2  with  a 
soft-tissue  mass  (arrow)  (courtesy  of  Dr.  Humera  Ahsan,  Aga  Khan 
University,  Karachi,  Pakistan) 


13.7  Chiari  Malformation  Type  I 
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1 3.7  Chiari  Malformation  Type  I 

Figs.  13.6  and  13.7 


Fig.  1 3.6  Chiari  malformation  type  I;  7-year-old  female  with  Noonan 
syndrome  presents  with  neck  pain.  Mid-sagittal  T1 -weighted  MRI 
shows  descent  of  point  of  tonsils  through  the  foramen  magnum  (arrow) 
and  the  absence  of  CSF  in  cisterna  magna 


13.7.1  Definition 

Herniation  of  cerebellar  tonsils  through  the  foramen  mag¬ 
num  into  cervical  spinal  canal. 

13.7.2  Clinical  Features 

-  Often  nonspecific  symptoms  such  as  headache,  neck  pain, 
dizziness,  vertigo,  or  cranial  nerve  symptoms 

-  Chiari  I  is  often  an  incidental  finding  and  has  no  clinical 
implication  in  the  absence  of  symptoms 


13.7.3  Imaging  Features 

-  Cerebellar  tonsil  located  more  than  5  mm  inferior  to  a  line 
between  the  hard  palate  and  posterior  lip  of  the  foramen 
magnum 

-  More  common  in  children 

-  Chiari  I  is  often  difficult  to  see,  but  a  “full”  foramen  mag¬ 
num  on  axial  CT  images  is  a  good  sign 

-  There  are  no  osseous  abnormalities 

-  MRI  shows  peg-like  tonsils  below  the  foramen  magnum 

-  Narrow  posterior  cranial  fossa 

-  Associated  syringomyelia  or  syrinx  (CSF  in  the  center  of 
spinal  cord)  may  be  seen 

-  Restricted  CSF  flow  due  to  cerebellar  tonsil  being  displaced 
inferiorly  into  the  foramen  magnum 


Fig.  13.7  Chiari  malformation  type  I;  5-year-old  asymptomatic  male. 
(A)  Mid-sagittal  T1 -weighted  MRI  demonstrates  caudal  displacement 
of  cerebellar  tonsils  (arrow).  Dark  signal  in  the  center  of  cervical  cord 
represents  syringo-  or  hydromyelia  with  multiple  locations  (arrow¬ 


heads).  (B)  Sagittal  T2- weighted  MRI  reveals  associated  hydromyelia 
with  multiple  locations  of  fluid  in  the  center  of  cord.  These  are  sequelae 
of  decreased  CSF  dynamics  through  the  foramen  magnum  (arrows) 


454 


13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


1 3.8  Chordoma  at  Craniocervical  Junction 

Fig.  13.8 

13.8.1  Definition 

Benign  but  locally  aggressive  and  infiltrating  tumor  arising 
from  notochordal  remnants  along  neuraxis. 

13.8.2  Clinical  Features 


13.8.3  Imaging  Features 

-  Destructive  expansile  lesion  in  the  spine  with  surrounding 
soft- tissue  mass 

-  Locally  aggressive 

-  Destruction  and  calcification  better  seen  on  CT  images 

-  T1 -weighted  MRI:  iso-  to  hypointense 

-  T2- weighted  MRI:  moderately  to  extremely  hyperintense; 
extreme  T2  hyperintensity  is  often  a  hallmark  of  chor¬ 
doma,  but  not  seen  in  our  case  (Fig.  13.8B) 

-  T1 -weighted  post-Gd  MRI;  variable  enhancement 


-  Presents  with  pain  and/or  neurologic  symptoms 

-  Commonest  location  is  the  sacrum,  followed  by  clivus 
and  spinal  axis 

-  Slow-growing  tumor  with  destruction  of  adjacent  bone 


Fig.  13.8  Chordoma  at  craniocervical  junction;  3-year-old  female  with 
a  history  of  anorexia  and  lethargy  for  2  months,  presenting  with  mild 
cervical  spine  pain.  (A)  Sagittal  reconstructed  CT  image  shows  destruc¬ 
tion  and  bone  production  in  skull  base  (arrow)  and  Cl  area.  Top  of  dens 
is  eroded  (arrowhead).  (B)  Sagittal  T2-weighted  MRI  shows  a  large 
hypointense  expansile  mass  emanating  from  the  clivus  (arrow).  (C) 
Sagittal  T1 -weighted  post-Gd  MRI  demonstrates  a  slight  enhancement 


of  mass  (arrow)  involving  the  clivus,  Cl,  and  C2  and  extending  intra- 
cranially  and  into  the  foramen  magnum  and  nasopharynx.  (D)  Axial  CT 
image  through  the  foramen  magnum  illustrates  destruction  anteriorly 
(arrow)  and  bone  production.  (E)  Axial  T1 -weighted  post-Gd  MRI 
demonstrates  irregular  slightly  enhancing  destructive  mass  in  the  fora¬ 
men  magnum  (arrow)  extending  into  the  brain  stem,  causing  brain  stem 
compression 


13.8  Chordoma  at  Craniocervical  Junction 
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Fig.  1 3.8  (continued) 
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13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


1 3.9  Cervical  Spine  Teratoma 

Fig.  13.9 


Teratoma  is  a  rare  tumor 

Approximately  10%  associated  with  other  congenital 
anomalies 


13.9.1  Definition 

True  neoplasm  consisting  of  all  three  embryonic  layers. 

13.9.2  Clinical  Features 

-  The  most  common  tumors  outside  of  the  spinal  cord 
(extramedullary)  in  cervical  spine  of  newborns  are  neuro¬ 
fibromas/schwannomas  followed  by  drop  metastases  and 
congenital  lesions 


13.9.3  Imaging  Features 

-  Often  large  relatively  well-circumscribed  lesions 

-  Usually  well  encapsulated,  with  both  cystic  and  solid 
components 

-  Fat  content  is  typical 

-  Tl-  and  T2- weighted  MRI:  heterogeneous  signal  due  to 
difference  of  cellular  components 

-  Tl -weighted  post-Gd  MRI:  contrast  enhancement  of 
solid  portions 


Fig.  13.9  Spinal  teratoma;  7-year-old  female  with  right  hemiparesis. 
(A)  Sagittal  T2-weighted  MRI  shows  enlargement  of  upper  cervical 
canal.  Anterior  to  cord,  there  is  hypointense  mass  displacing  cord 
(arrow).  Exophytic  mass  largely  fills  spinal  canal  with  almost  complete 
obliteration  of  CSF  space.  Only  posterior  margin  appears  to  infiltrate 


cord.  Syrinx  is  seen  below  mass  (arrowhead).  (B)  Sagittal  Tl -weighted 
post-Gd  MRI  shows  near  homogeneous  enhancement  (arrow),  but  no 
cord  enhancement.  (C)  Axial  T2-weighted  MRI  shows  mass  (arrow) 
compressing  and  displacing  cord  posteriorly 


13.10  Cervical  Spine  Cord  Astrocytoma 
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1 3.1 0  Cervical  Spine  Cord  Astrocytoma 

Fig.  13.10 

13.10.1  Definition 

Tumors  derived  from  the  glial  cells  (astrocytes  or  “star¬ 
shaped”  cells) 

13.10.2  Clinical  Features 

-  Most  common  intramedullary  (inside  spinal  cord)  spinal 
cord  tumor  in  children 

-  Cervical  spine  commonest  site  of  involvement 


-  Multisegmental  involvement  usually  seen 

-  Cysts  and  syrinx  formation  common 

13.10.3  Imaging  Features 

-  Expansion  of  cord 

-  Cord  edema 

-  Cysts  are  common 

-  Relatively  short  segment  involved  as  opposed  to  trans¬ 
verse  myelitis  in  which  a  longer  segment  of  cord  is 
affected 

-  T1  -weighted  MRI:  isointense  to  slightly  hypointense 

-  T2- weighted  MRI:  hyperintense 

-  T1 -weighted  post-Gd  MRI:  patchy  contrast  enhancement 


Fig.  13.10  Spinal  cord  astrocytoma;  8-year-old  female  with  known  low-grade 
astrocytoma  in  cervical  cord  since  age  of  18  months  when  she  presented  with 
breathing  and  swallowing  difficulties.  Sagittal  T1 -weighted  post-Gd  MRI  shows 
intense  contrast  enhancement  in  tumor  (arrow),  extending  into  medulla  and 
lower  pons  (arrowhead) 


458 


13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


Fig.  13.11  Extramedullary  cervical  lipoma  with  cord  compression; 
patient  had  long  history  of  cord  compression  symptoms.  Surgery  con¬ 
firmed  the  location  and  fatty  nature  of  the  encapsulated  tumor.  (A) 
Sagittal  proton  density  MRI  shows  a  large  intradural  mass  (arrow),  sec¬ 
ondarily  widened  canal  to  long-standing  pressure  tumor.  (B)  Sagittal 


1 3.1 1  Extramedullary  Cervical  Lipoma 
with  Cord  Compression 

Fig.  13.11 


13.11.1  Definition 

Benign  fatty  tumor,  usually  composed  of  mature  fat  cells. 


13.11.2  Clinical  Features 


T2-weighted  MRI  shows  slightly  hyperintense  mass  compared  to  spinal 
cord.  Note  chemical  shift  misregistration  artifact  at  CSF/lipoma  and 
lipoma/CSF  borders  (arrowheads).  (C)  Sagittal  Tl-weighted  fat- 
suppressed  MRI  shows  fatty  nature  of  tumor  (arrow) 


-  Presents  with  symptoms  of  spinal  cord  compression 

-  Often  congenital 

-  Most  common  connective  tissue  tumor  of  the  spine 

13.11.3  Imaging  Features 

-  CT:  homogeneous  nonenhancing  mass  with  fatty  attenua¬ 
tion  value 

-  Tl-  and  T2- weighted  MRI:  hyperintense 

-  Tl-weighted  fat-suppressed  MRI:  hypointense 


-  Initially  asymptomatic  mass 


13.12  Cervical  Spine  Meningioma 
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1 3.1 2  Cervical  Spine  Meningioma 

Fig.  13.12 

13.12.1  Definition 

Tumor  arising  in  meninges  surrounding  brain  and  spinal 
cord. 

13.12.2  Clinical  Features 

-  Peak  incidence  in  fifth  to  sixth  decade  with  female 
predominance 

-  Thoracic  spine  commonest  followed  by  cervical  spine 


-  Majority  are  intradural  extramedullary 

-  Patients  with  neurofibromatosis  type  2  (NF-2)  can  have  mul¬ 
tiple  meningiomas,  with  intracranial  occurrence  and  along 
spinal  axis;  meningiomas  originate  from  meningothelial 
cells  which  may  be  found  in  spinal  arachnoid  membranes 

13.12.3  Imaging  Features 

-  Similar  characteristics  to  schwannoma 

-  Calcification  not  uncommon 

-  T1 -weighted  MRI:  isointense  to  cord 

-  T2- weighted  MRI:  hypointense  to  cord 

-  T1 -weighted  post-Gd  MRI:  homogeneous  and  significant 
contrast  enhancement 


Fig.  13.12  Meningioma;  67-year-old  woman  with  progressive  weak-  with  homogeneous  signal  isointense  to  cord  (arrow).  (B)  Sagittal 
ness  in  both  lower  extremities  and  pain  in  both  arms.  Remote  history  of  Tl-weighted  post-Gd  MRI  shows  intense  contrast-enhanced  tumor 
breast  cancer.  (A)  Sagittal  T2-weighted  MRI  shows  well-defined  mass  (arrow) 
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13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


1 3.1 3  Cervical  Spine  Neurofibromatosis 
Type  1  (NF-1) 

Fig.  13.13 

13.13.1  Definition 

Tumors  arising  from  nerve  sheath  of  peripheral  nerve; 
Schwann’s  cells,  fibroblasts,  and  perineural  cells. 

13.13.2  Clinical  Features 

-  NF-1  the  commonest  neurocutaneous  syndrome 

-  Manifestations  can  arise  from  any  system  of  the  body 


-  Bony  changes  usually  associated 

-  Many  patients  have  neurofibromas  in  cervical  region 

13.13.3  Imaging  Features 

-  Iso-  to  hypodense  to  muscle  on  CT 

-  Spinal  lesions  best  seen  on  MRI 

-  T1 -weighted  MRI:  neurofibromas  appear  iso-  to 
hypointense 

-  T2- weighted  MRI:  hyperintense 

-  T1 -weighted  post-Gd  MRI:  strong  contrast  enhancement; 
may  show  “target  pattern” 


Fig.  13.1 3  Neurofibromatosis  type  1  (NF-1);  16-year-old  female  with  known  NF-1, 
presenting  with  balance  and  coordination  problems.  Sagittal  T2-weighted  fat- suppressed 
MRI  shows  enlargement  of  the  neural  foramina  with  multiple  rounded  neurofibromas 
(asterisks) 


13.14  Cervical  Spine  Fracture 
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13.14  Cervical  Spine  Fracture 

Fig.  13.14 


-  More  advanced  fractures  with  neurologic  symptoms 

-  Plain  films  often  negative 


13.14.1  Definition 

Fracture  and/or  dislocation  of  cervical  spine. 

13.14.2  Clinical  Features 

-  Presents  invariably  with  cervical  spine  pain  or  tenderness 


13.14.3  Imaging  Features 

-  CT,  sagittal,  and  coronal  images,  best  for  fracture  diagnosis 

-  MRI  best  for  cord  injury  and  for  ligamentous  injuries 

-  Burst  fracture  involves  fracture  of  posterior  wall  of  verte¬ 
bral  body  often  with  retropulsion 

-  Compression  fracture  has  intact  posterior  wall  of  verte¬ 
bral  body 


Fig.  13.14  C5  burst  fracture;  27-year-old  male  all-terrain  vehicle  acci¬ 
dent.  (A)  Sagittally  reformatted  CT  image  shows  burst  fracture  of  C5 
with  subluxation  and  severe  central  canal  narrowing  (arrow).  (B)  Axial 
CT  image  demonstrates  fragment  displaced  into  central  canal  (arrow). 
Also  fracture  through  right  foramen  tranversarium  where  vertebral 


artery  is  located.  This  injury  may  cause  damage  to  vertebral  artery 
which  could  lead  to  a  posterior  fossa  stroke.  (C)  Sagittal  STIR  MRI 
shows  spinal  cord  contusion,  C5  burst  fracture  (arrow),  prevertebral 
hematoma  Cl  to  C4  (arrowheads),  and  injury  to  posterior  elements 
(large  arrowhead) 
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13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


13.15  Neck 

Diagnosis  of  lesions  of  the  suprahyoid  neck  is  primarily  not 
the  duty  of  the  maxillofacial  radiologist.  However,  many  of 
the  structures  of  this  area  will  be  depicted  on  regular  maxil¬ 
lofacial  imaging  studies,  and  therefore  the  maxillofacial 
radiologist  will  often  have  to  make  a  gross  evaluation  to 
determine  whether  there  is  an  abnormality  that  needs  further 
attention  or  the  structures  are  normal.  Conversely  some 
larger  maxillofacial  lesions  will  extend  into  the  suprahyoid 
neck,  and  the  maxillofacial  radiologist  will  have  to  have  a 
working  knowledge  of  neck  anatomy  in  order  to  formulate 
an  interpret  of  the  findings. 

This  section  is  included  to  provide  examples  of  abnor¬ 
malities  in  the  supra-  and  infrahyoid  neck  that  may  be  recog¬ 
nized  by  the  maxillofacial  radiologist,  such  as  inflammations, 
nontumorous  expansive  masses,  muscle  paralysis,  and 
benign  and  malignant  tumors  with  their  characteristics. 


13.16  Hypopharynx  Abscess 

Fig.  13.15 

13.16.1  Definition 

Pus  collection  in  pharyngeal/hypopharyngeal  soft  tissues. 

13.16.2  Clinical  Features 

-  Dysphagia 

-  Neck  and  oral  pain 

-  Fever 

-  Stridor 

-  Odynophagia 

13.16.3  Imaging  Features 

-  Soft-tissue  swelling 

-  Ring-enhancing  lesion  with  low-attenuation  center 

-  Stranding  (lymphedema)  and  obliteration  of  adjacent  fat 
planes 

-  Thickening  of  platysma 

-  Lymphadenopathy 

-  T1 -weighted  MRI:  decreased  signal 

-  T2- weighted  MRI:  increased  signal 

-  T1 -weighted  post-Gd  MRI:  peripheral  enhancement 


Fig.  1 3.1 5  Hypopharynx  abscess;  48-year-old  male  presenting  with  a 
peripharyngeal  soft-tissue  swelling,  neck  pain,  fever,  and  stridor.  Axial 
CT  image  shows  multilobulated  ring-enhancing  mass  (arrow),  consis¬ 
tent  with  abscess  in  left  hypopharynx  with  a  compression  narrowing 
and  deviation  of  hypopharyngeal  airway.  Thickening  of  platysma 
(arrowhead)  and  stranding  of  subcutaneous  fat 


13.17  Thyroid  Abscess 

Fig.  13.16 

13.17.1  Definition 

Well-circumscribed  pus  collection  within  the  thyroid  gland. 

13.17.2  Clinical  Features 

-  Swelling,  pain,  and  redness 

-  Induration  (localized  hardening  of  soft  tissue) 

-  Fever 

-  Dysphagia/odynophagia 

-  Tender  gland  sometimes  with  referred  pain  to  pharynx/ear 

-  Often  occurs  in  immunocompromised  and  debilitated 
patients 

-  Staphylococcus  aureus ,  pneumococcus  common 
organisms 


13.18  Tornwaldt's  Cyst 
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Fig.  13.16  Thyroid  abscess;  19-year-old  female  presenting  with  a 
2-week  history  of  a  sore  throat,  left  neck  pain,  and  headache.  Axial 
post-contrast  CT  image  shows  ill-defined  hypodense  lesion  in  left 
lobe  of  the  thyroid  gland  with  ring  enhancement  (arrow), 
consistent  with  abscess  and  soft-tissue  edema.  Low  dense  areas  are 
also  noted  in  the  oropharynx  especially  on  the  left  side  and 
inferiorly  to  the  thoracic  inlet  and  bilateral  lymphadenopathy 


13.17.3  Imaging  Features 

-  Ring-enhancing  lesion  with  central  area  of  necrosis  within 
the  thyroid  gland 

-  Swelling 

-  Fat  stranding 

-  Lymphadenopathy 


13.18  Tornwaldt's  Cyst 

Fig.  13.17 

13.18.1  Definition 

Developmental  cyst  occurs  when  pharyngeal  bursa  ectoderm 
retracts  with  the  notochord  into  the  clivus.  Named  after 
Gustav  Ludwig  Tornwaldt  (1843-1910). 


13.18.2  Clinical  Features 

-  Most  often  asymptomatic  incidental  finding  on  imaging 
study 

-  Seen  incidentally  in  up  to  3  %  of  healthy  adults ;  usually  no 
treatment  needed 

-  May  cause  symptoms  when  infected 

-  Infection  may  spread  to  mediastinum 

13.18.3  Imaging  Features 

-  Cystic  lesion  mostly  in  the  midline  of  nasopharynx 

-  Low  attenuation 

-  T1 -weighted  MRI:  low- signal  intensity 

-  T2- weighted  MRI:  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  contrast  enhancement 
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13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


Fig.  13.17  Tomwaldt’s  cyst,  large;  incidental  findings  in  a  30-year- 
old.  (A)  Sagittal  T1 -weighted  MRI  shows  low- signal  cyst  (arrow)  in 
posterior  nasopharynx.  (B)  Axial  T2-weighted  MRI  shows  bright  signal 


cyst  (arrow).  (C)  Coronal  T2- weighted  MRI  shows  bright  signal  cyst 
(arrow).  (D)  Coronal  T1 -weighted  post-Gd  MRI  shows  no  enhance¬ 
ment  of  the  cyst  (arrow) 


1 3.1 9  Dermoid  Cyst  in  the  Floor 
of  the  Mouth 

Fig.  13.18 


13.19.1  Definition 


13.19.2  Clinical  Features 

-  Most  commonly  involves  the  floor  of  the  mouth;  sublin¬ 
gual,  submental,  or  submandibular  regions 

-  Differential  diagnosis  includes  epidermoid,  ranula,  thyro- 
glossal  duct  cyst,  and  cystic  hygroma 

-  Soft  nonpainful  mass 


Growth  of  a  piece  of  the  skin  underneath  the  surface  as  result 
of  abnormal  development;  may  contain  the  skin,  hair,  bone, 
teeth,  or  embryonal  tissue. 


13.20  Goiter 


465 


Fig.  13.18  Dermoid  cyst;  18-year-old  male  with  doughy  swelling  of 
the  floor  of  the  mouth  clinically  considered  a  thyroglossal  duct  cyst. 
Axial  T2-weighted  fat-suppressed  MRI  shows  well-defined  oval  mass 
with  high  signal  in  the  floor  of  the  mouth  (arrow),  located  in  sublingual 
space  depressing  mylohyoid  muscle  down  (not  shown) 


13.19.3  Imaging  Features 

-  Typically  well-circumscribed,  thin-walled,  unilocular 
mass 

-  Low  attenuation 

-  T1 -weighted  MRI:  homogeneous  low  signal 

-  T2- weighted  MRI:  homogeneous  high  signal 

-  T1 -weighted  post-Gd  MRI:  no  contrast  enhancement  of 
cyst  except  wall,  in  particular  if  infected 


13.20  Goiter 

Fig.  13.19 

13.20.1  Definition 

Diffuse  or  multinodular  enlargement  of  the  thyroid  gland. 


Fig.  13.19  Goiter;  18-year-old  presenting  with  hyperthyroidism. 
Axial  T2- weighted  fat- suppressed  MRI  shows  large  multilobulated  thy¬ 
roid  gland  compressing  and  narrowing  trachea  (arrow) 


13.20.2  Clinical  Features 

-  More  common  in  middle-aged  females 

-  Often  associated  with  iodine  deficiency 

-  Midline  neck  mass 

-  Often  asymptomatic  enlargement  of  the  thyroid 
gland;  symptoms  depend  upon  state  of  hypo-  or 
hyperthyroidism 

-  Endemic  goiters  are  prevalent  in  iodine-deficient  areas 

-  Goiter  is  a  clinical  diagnosis  that  simply  implies  an 
enlargement  of  the  thyroid  gland  developing  because  the 
thyroid  gland  compensates  for  inadequate  thyroid  hor¬ 
mone  output 

13.20.3  Imaging  Features 

-  Nodular  enlargement  of  the  thyroid  gland  often  with 
cystic  lesions 

-  Displaces  and  narrows  trachea 

-  Multinodular  goiter  is  usually  not  associated  with 
tumors 

-  Substernal  or  mediastinal  extension  requires  imaging  for 
detection 

-  T2- weighted  MRI:  high  signal  due  to  colloid  or 
hemorrhage 

-  Nuclear  scan  with  radioactive  iodine  or  Tc-99m  pertech- 
netate  is  often  very  helpful  (cannot  be  done  for  6  weeks  if 
intravenous  contrast  has  been  used) 

-  Ultrasound  is  often  used  to  characterize  multinodular 
goiter 
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1 3.21  Vocal  Cord  Paralysis 

13.21.1  Definition 

Fig.  13.20 

Vocal  cord  does  not  move  to  the  center  due  to  muscle 
paralysis. 

13.21.2  Clinical  Features 

-  Patient  presents  with  hoarseness 

-  Occasionally  a  sign  of  a  tumor  along  the  recurrent  laryn¬ 
geal  nerve 

13.21.3  Imaging  Features 

-  Paralyzed  vocal  cord  is  located  laterally  in  larynx;  unable 
to  migrate  to  midline  (as  normal)  due  to  lack  of  innerva¬ 
tion  of  muscles 


13.22  Neck  Hemangioma 

Fig.  13.21 

13.22.1  Definition 

Hemangioma  or  benign  neoplasm  that  exhibits  increased  blood 
circulation,  endothelial  cells,  mast  cells,  and  macrophages. 

13.22.2  Clinical  Features 

-  Most  common  tumor  in  the  head  and  neck  in  infancy  and 
childhood 

-  Approximately  7%  of  all  benign  soft-tissue  tumors 


Fig.  13.20  Right  vocal  cord  paralysis  secondary  to  lung  cancer; 

63-year-old  man  presents  with  hoarseness.  Axial  CT  image  through  lar¬ 
ynx  shows  right  vocal  cord  (arrow)  laterally  in  larynx 

-  Rapidly  enlarges 

-  Ultimately  regresses  by  adolescence 

-  Typically  becomes  apparent  during  the  first  month  of 
life 

-  Diffuse  skin  lesion  or  soft  cystic  mass  in  the  oral  cavity, 
pharynx,  parotid  gland,  or  neck 

-  Associated  with  intracranial  arterial  vascular 
malformations 

-  Often  requires  no  treatment.  Steroids  are  occasionally 
used 

13.22.3  Imaging  Features 

-  T1 -weighted  MRI:  intermediate  signal  with  flow  void 

-  T1 -weighted  post-Gd  MRI:  dramatic  enhancement 

-  Often  extensively  infiltrative  in  nature 


13.22  Neck  Hemangioma 
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Fig.  13.21  Hemangioma;  6-month-old  infant  twin  girl  presents  with 
mass  in  back  of  neck.  The  mass  has  been  observed  for  only  a  few  days. 
(A)  Sagittal  T1  -weighted  MRI  shows  a  well-circumscribed  large  mass 
in  posterior  neck  with  flow  voids  (arrow).  (B)  Sagittal  STIR  MRI  shows 


intermediate  high- signal  intensity  also  with  flow  voids  (arrow).  (C) 
Sagittal  T1 -weighted  post-Gd  MRI  shows  dramatic  enhancement 
(arrow) 
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13.23  Neck  Lipoma 

Fig.  13.22 

13.23.1  Definition 

Benign  fatty  neoplasm. 

13.23.2  Clinical  Features 

-  Often  occurs  in  posterior  neck 

-  Soft  benign  neoplasm  usually  does  not  enlarge  in  size 

13.23.3  Imaging  Features 

-  Low  attenuation 

-  Well  circumscribed 

-  T1 -weighted  MRI:  high  signal 

-  T2- weighted  MRI:  intermediate  signal 

-  T1 -weighted  fat- suppressed  MRI:  low  signal 


1 3.24  Neck  Plexiform  Neurofibroma 

Fig.  13.23 

13.24.1  Definition 

Benign  neoplasm  consisting  of  Schwann  cells  and  fibroblasts. 

13.24.2  Clinical  Features 

-  Malignant  transformation  in  5-10% 

-  Unique  to  neurofibromatosis  type  1  (from  von 
Recklinghausen’s  disease) 

-  Common  in  the  scalp,  neck,  mediastinum,  retroperito- 
neum,  cranial  nerve  five,  and  orbits 

-  Masses  are  soft  and  elastic 

-  Accounts  for  elephantiasis,  seen  in  neurofibromatosis 

-  Sarcomatous  transformation  in  about  5%  of  patients 


Fig.  1 3.22  Lipoma;  8-year-old  female  with  a  3-week  history  of  left 
posterior  neck  mass.  No  redness,  no  fever,  and  no  tenderness.  Axial 
CT  image  shows  low- attenuation  well-circumscribed  fatty  appearing 
mass  in  posterior  triangle  of  left  neck  (arrow),  deep  to  sternocleido¬ 
mastoid  muscle 


13.24.3  Imaging  Features 

-  Infiltrated  aggressive-appearing  tumors  along  cranial 
nerves 

-  Multilobulated  masses  along  nerves  with  low  to  interme¬ 
diate  attenuation 

-  T1 -weighted  MRI:  intermediate  signal 

-  T2- weighted  MRI:  high  signal.  Sometimes  target  sign: 
low- signal  intensity  centrally  with  ring  of  high  signal  in 
periphery 

-  T1 -weighted  post-Gd  MRI:  often  dramatic  enhancement 

-  Three  types:  localized,  diffused,  and  plexiform 


13.25  Pharynx  Rhabdomyosarcoma 
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Fig.  13.23  Plexiform  neurofibromatosis;  9-year-old  female  presents 
with  a  painless  swelling  of  right  lower  neck.  (A)  Axial  T2-weighted 
fat- suppressed  MRI  shows  multilobulated  complex  mass  in  the  right 
lower  neck  extending  across  midline  (arrow),  separating  common 


carotid  artery  and  jugular  vein,  and  abutting  the  spine.  (B)  Axial 
T1 -weighted  post-Gd  MRI  shows  enhancing  mass  separating  carotid 
artery  and  jugular  vein  (arrow).  (C)  Coronal  Tl-weighted  post-Gd  MRI 
shows  contrast-enhanced  multilobulated  mass  in  carotid  sheath  (arrow) 


13.25  Pharynx  Rhabdomyosarcoma 

Fig.  13.24 

13.25.1  Definition 

Malignant  tumor  of  striated  muscles,  primarily  affecting 
children  and  young  adults. 

13.25.2  Clinical  Features 

-  Most  common  malignant  orbital  tumor  in  childhood 


-  Mean  age:  7  years 

-  Often  metastasizes  to  lung  or  cervical  nodes 

13.25.3  Imaging  Features 

-  Large,  aggressive  soft-tissue  mass 

-  Ill-defined  inhomogeneous  large  soft- tissue  mass  which 
erodes  and  infiltrates  surrounding  structures  including 
bones 

-  MRI  is  best  to  characterize  the  soft  tissue  and  extent 

-  Tl-weighted  MRI:  intermediate  signal 

-  T2- weighted  MRI:  hyperintense 

-  Tl-weighted  post-Gd  MRI:  variable  enhancement 
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Fig.  1 3.24  Rhabdomyosarcoma;  5- week-old  female  with  stridor  and  a 
posterior  pharyngeal  mass.  (A)  Axial  T1 -weighted  MRI  shows  a  large 
right  pharyngeal  mass  isointense  to  muscle  (arrow).  (B)  Axial 
T2-weighted  MRI  shows  a  well-circumscribed  mass  (arrow)  in  the 
nasopharynx  with  linear  and  punctate  areas  of  low  attenuation  repre- 

1 3.26  Tongue  Base  Carcinoma 

Fig.  13.25 

13.26.1  Definition 

Squamous  cell  malignant  neoplasm  of  the  tongue. 

13.26.2  Clinical  Features 

-  Infiltrating  lesion  often  on  lateral  or  posterior  aspect  of 
tongue 

-  Painless  swelling  and/or  induration 


senting  vascular  structure.  (C)  Contrast-enhanced  T1 -weighted  MRI 
shows  enhancement  and  flow  voids  (arrow).  (D)  Contrast-enhanced 
T1  -weighted  fat- suppressed  MRI  shows  large  enhancing  lesion  in  naso¬ 
pharynx  (arrow) 


-  Risk  factors  for  oral  cavity  squamous  carcinoma:  smoking, 
alcohol  abuse,  chewing  tobacco,  and  chewing  betel  nuts 

13.26.3  Imaging  Features 

-  T2-weighted  fat-suppressed  image  often  delineates  tumor 
best 

-  Sagittal,  coronal  axial  images  are  essential  to  as  precisely 
as  possible  outline  the  extent  of  the  tumor 

-  Crossing  the  midline  is  important  for  surgical  planning 
(generally  not  resectable  if  cross  midline) 

-  T1 -weighted  MRI:  intermediate  signal 

-  T2- weighted  MRI:  intermediate  to  high  signal 

-  T1 -weighted  post-Gd  MRI:  some  enhancement 


13.27  Hypopharynx  Carcinoma 
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Fig.  1 3.25  Tongue  base  carcinoma;  64-year-old  man  presents  with  left 
throat  pain.  (A)  Axial  T2-weighted  MRI  shows  a  large  low  intensity 
mass  in  left  tongue  base  extending  to  the  hypopharynx  (arrow).  The 
signal  is  higher  than  muscle  but  still  not  bright.  (B)  Axial  T1 -weighted 

13.27  Hypopharynx  Carcinoma 

Fig.  13.26 

13.27.1  Definition 

Squamous  cell  malignant  neoplasm  of  pharynx. 

13.27.2  Clinical  Features 


fat-suppressed  post-Gd  MRI  shows  slight  enhancement  of  mass 
(arrow).  (C)  Axial  T2- weighted  MRI,  more  caudal  section,  shows  no 
lymphadenopathy.  (D)  Axial  T1 -weighted  fat- suppressed  post-Gd  MRI, 
more  caudal  section,  shows  extension  to  left  hypopharynx  (arrow) 


-  Painless 

-  Often  associated  with  swallowing  problems 

-  Risk  factors  for  hypopharynx  squamous  carcinoma: 
smoking  and  alcohol  abuse 

13.27.3  Imaging  Features 

-  Soft-tissue  mass  in  hypopharynx 

-  Asymmetry  of  hypopharynx,  supraglottic  area,  and  false 
and  true  vocal  cords 

-  Obliteration  of  piriform  sinus 


-  Infiltrating  lesion  in  wall  of  pharynx 
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Fig.  13.26  Hypopharynx  carcinoma;  60-year-old  female  with  a  feel¬ 
ing  of  a  lump  in  the  throat.  (A)  Axial  T1  -weighted  post-Gd  fat- 
suppressed  MRI  shows  a  large  almost  circumferential  hypopharyngeal 
mass  (arrow).  (B)  Axial  T1 -weighted  MRI  shows  bilateral  enlarged 


lymph  nodes  (arrows).  (C)  Coronal  T1 -weighted  post-Gd  MRI  shows 
left- sided  enlarged  lymph  node  (arrows).  (D)  Coronal  T2- weighted 
post-Gd  MRI  shows  left- sided  enlarged  lymph  node  (arrows) 


13.28  Burkitt's  Lymphoma 


13.28.2  Clinical  Features 


Fig.  13.27  -  Most  commonly  seen  in  children 

-  Most  common  malignant  disease  of  children  in  tropical 
Africa 

13.28.1  Definition  -  Involvement  of  jaw  characteristic 

-  Related  to  Epstein-Barr  vims 


Stem  cell  non-Hodgkin’s  lymphoma. 


13.29  Castleman's  Disease 
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Fig.  13.27  Burkitt’s  lymphoma;  7-year-old  female  with  a  2-week  his¬ 
tory  of  large  nontender  neck  mass.  Axial  post-contrast  CT  images  ((B) 
more  caudal  than  (A))  show  a  large  soft-tissue  mass  ( arrows )  severely 
compressing  internal  jugular  vein  (< arrowheads )  and  pushing  midline 


13.28.3  Imaging  Features 

-  Rapidly  growing  soft-tissue  mass 

-  Destruction  of  the  bone 


13.29  Castleman's  Disease 

Fig.  13.28 

13.29.1  Definition 


structures  toward  the  other  side.  This  appearance  is  nonspecific,  and  the 
enlarged  lymph  node  could  be  from  any  type  of  lymphoma  or 
metastasis 


13.29.2  Clinical  Features 

-  70%  of  cases  present  in  chest,  10%  in  head  and  neck 

-  Often  asymptomatic 

13.29.3  Imaging  Features 

-  Often  intense  enhancement  due  to  hypervascular  stroma 

-  No  central  necrosis  as  seen  in  malignant  lymph  nodes 

-  Differential  diagnoses  are  mononucleosis,  cat  scratch  dis¬ 
ease,  and  lymphoma 


Benign  lymph  node  disease;  angiofollicular  hyperplasia. 
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Fig.  13.28  Castleman’s  disease  in  a  19-year-old  male  with  relapsing/ 
remitting  symptoms.  Axial  post-contrast  CT  image  shows  multiple 
slightly  enlarged  lymph  nodes  bilaterally  (arrows).  From  an  imaging 
point  of  view  these  are  nonspecific,  and  Castleman’s  disease  is  not  an 
imaging  diagnosis 


13.30  Lymphadenopathy 

Figs.  13.29  and  13.30 

13.30.1  Definition 

Benign  or  malignant  enlargement  of  lymph  nodes. 


-  May  be  idiopathic  or  due  to  infection;  other  differential 
diagnoses:  lymphoma,  mononucleosis,  cat  scratch  dis¬ 
ease,  Castleman’s  disease,  and  HIV 

-  Proportionally  enlarged  lymph  nodes  are  often  normally 
seen  in  young  children 

13.30.3  Imaging  Features 

-  Enlarged  lymph  nodes 

-  No  central  necrosis  if  benign,  but  occasionally  seen  in 
malignant  lymph  nodes 

-  Cannot  separate  specific  etiology  on  imaging  studies 


Fig.  1 3.29  Lymphadenopathy;  40-year-old  HIV-positive  male.  Axial 
CT  image  shows  enlarged  lymph  nodes  bilaterally  (arrows) 


13.30.2  Clinical  Features 

-  Palpable  nodal  masses  in  the  neck 

-  Often  bilateral 

-  Often  painless  unless  infected 


13.30  Lymphadenopathy 
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Fig.  1 3.30  Lymphadenopathy;  42-year-old  female  with  a  history  of 
nasopharyngeal  carcinoma.  (A)  Axial  T1 -weighted  MRI  shows  bilat¬ 
eral  enlarged  upper  cervical  lymph  nodes  (arrows).  (B)  Axial 
T1 -weighted  post-Gd  MRI  with  fat  suppression  shows  enhancement  of 


enlarged  lymph  nodes  (arrows).  (C)  Coronal  T1 -weighted  post-Gd 
MRI  with  fat  suppression  shows  many  enhancing  enlarged  lymph  nodes 
bilaterally  (arrows) 
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13.31  Skull  Base 

The  skull  base  is  the  superior  and  posterior  neighbor  to  the 
maxillofacial  region.  It  involves  the  base  of  the  skull  with  its 
foramina,  muscle,  nerve,  and  vascular  structures.  As  in  the 
other  sections  of  this  chapter,  it  is  not  the  intention  to  give  a 
full  and  complete  description  of  skull  base  abnormalities  but 
rather  to  illustrate  conditions  that  are  likely  to  be  depicted  on 
the  images  that  the  maxillofacial  radiologist  is  asked  to  inter¬ 
pret,  but  still  not  in  the  true  maxillofacial  area.  We  have 
included  characteristic  infections,  tumorlike  and  vascular 
lesions,  and  neoplasms. 


13.32  Mastoiditis  with  Intracranial 
Abscess 

Fig.  13.31 

13.32.1  Definition 

Intracranial  encapsulated  pus  collection  due  to  pyogenic 
infection  secondary  to  mastoiditis. 

13.32.2  Clinical  Features 

-  Intracranial  complications  result  from  uncontrolled 
coalescent  mastoiditis 


-  Intracranial  complications  of  acute  mastoiditis:  sigmoid 
sinus  thrombosis,  meningitis,  and  abscess  (subdural,  epi¬ 
dural,  and  parenchymal) 

-  Subperiosteal  abscess  can  be  seen 

-  Common  signs  of  mastoiditis:  otalgia,  postauricular 
swelling,  and  fever 

-  Intracranial  abscess  may  present  with  headache,  sei¬ 
zure,  fever,  altered  mental  status,  or  focal  neurologic 
deficits 

13.32.3  Imaging  Features 

-  Non-contrast  CT  imaging:  middle  ear  and  mastoid  com¬ 
pletely  opacified,  and  mastoid  air  cells  become  confluent 

-  Post-contrast  CT  imaging  is  first-line  modality  and  shows 
rim-enhancing  hypodense  fluid  collection 

-  T1 -weighted  post-Gd  MRI  is  best  to  diagnose  sinus 
thrombosis  and  intracranial  complications  (venous 
infarct,  meningitis,  and  abscess) 

-  On  diffusion-weighted  MR  imaging,  abscesses  are  bright 
indicating  restricted  diffusion 


13.32  Mastoiditis  with  Intracranial  Abscess 
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Fig.  13.31  Mastoiditis  with  intracranial  abscess;  94-year-old  female 
presented  with  a  1-week  history  of  fever  and  mental  status  change. 
Patient  treated  with  antibiotics  for  two  episodes  of  right  otitis  media. 
(A)  Post-contrast  axial  CT  image  demonstrates  right  mastoiditis  with 
erosion  of  right  petrous  temporal  bone  (arrow),  involvement  of  adjacent 
dura,  and  ring-enhancing  lesion  in  right  cerebellar  hemisphere  indicat¬ 
ing  abscess  (arrowhead).  (B)  Sagittal  T1 -weighted  post-Gd  MRI  shows 


hypointense  lesion  in  right  cerebellar  hemisphere  with  ring  enhance¬ 
ment  (arrow).  (C)  Axial  T2- weighted  image  demonstrates  high  inten¬ 
sity  signal  in  right  mastoid  sinus  and  right  cerebellar  hemisphere  with 
surrounding  edema  (arrowheads)  and  mass  effect  on  fourth  ventricle 
(arrow).  (D)  Diffusion- weighted  imaging  shows  an  area  of  hyperinten¬ 
sity  in  right  mastoid  sinus  (arrow)  and  cerebellar  hemisphere 
(arrowhead) 


478 


13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


1 3.33  Mastoiditis  with  Sigmoid  Thrombosis 

Fig.  13.32 

13.33.1  Definition 

Clot  formation  in  sigmoid  sinuses  as  a  result  of  mastoiditis. 

13.33.2  Clinical  Features 

-  Mastoiditis  is  a  known  cause  of  lateral  venous  sinus 
thrombosis 

-  Sinus  thrombosis  may  occur  via  direct  extension  or  be  the 
result  of  erosive  osteitis  and  retrograde  thrombophlebitis 

-  Symptoms  due  to  sinus  thrombosis  are  variable:  asymp¬ 
tomatic  to  coma  or  death 


-  May  present  with  headache,  nausea/vomiting,  or  seizure 

-  Hemorrhagic  venous  infarct  may  develop  secondary  to 
poor  venous  drainage 

13.33.3  Imaging  Features 

-  Non-contrast  CT  images:  middle  ear  and  mastoid  com¬ 
pletely  opacified,  and  mastoid  air  cells  become  confluent. 
May  show  hyperdense  sigmoid  sinuses 

-  Post-contrast  CT  images:  filling  defect  in  sigmoid  sinus, 
useful  to  diagnose  intra-  or  extracranial  abscess 

-  Contrast  MRI  and  MR  venography  are  best  to  diagnose 
sinus  thrombosis  and  intracranial  complications  (venous 
infarct,  meningitis,  and  abscess) 

-  On  diffusion-weighted  imaging,  abscesses  show  hyperin¬ 
tensity  with  restricted  diffusion 


Fig.  13.32  Mastoiditis  with  sigmoid  thrombosis;  7-year-old  female 
with  a  chronic  right  draining  ear.  (A)  Axial  T1 -weighted  MRI  shows 
soft- tissue  mass  in  the  right  temporal  bone  (arrow).  There  is  no  flow 
void  in  sigmoid  sinus  on  this  side.  (B)  Axial  T1 -weighted  fat- suppressed 
post-Gd  MRI  demonstrates  abnormal  contrast  enhancement  in  area  of 


the  right  temporal  bone  (arrows).  In  the  sigmoid  sinus,  there  is  contrast 
enhancement  in  periphery  but  a  central  filling  defect  suggesting  a  clot 
(arrowhead).  (C)  Coronal  MR  venogram  demonstrates  lack  of  flow  in 
right  sigmoid  sinus 


13.34  Osteoradionecrosis  Involving  Skull  Base 
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13.34  Osteoradionecrosis  Involving 
Skull  Base 

Fig.  13.33 

13.34.1  Definition 

Nonvital  bone  in  a  site  of  radiation  injury. 

13.34.2  Clinical  Features 

-  Serious  complication  of  radiation  therapy  for  neoplasms 
of  the  parotid  gland,  oral  cavity,  oropharynx,  and 
nasopharynx 

-  Predominantly  in  the  mandible 


-  The  risk  is  greatest  during  the  first  6-12  months  after 
radiation  therapy,  but  osteoradionecrosis  may  develop 
several  years  later 

-  Clinical  diagnosis  of  mandibular  osteoradionecrosis  is 
primarily  based  on  clinical  symptoms  and  signs  of  ulcer¬ 
ation  or  necrosis  of  the  overlying  mucous  membrane  with 
exposure  of  necrotic  bone 

-  Pathologic  fracture  and  orocutaneous  fistula  may  be  seen 

13.34.3  Imaging  Features 

-  CT  image  with  bone  window  shows  cortical  disruption 
and  fragmentation 

-  T1 -weighted  MRI:  decreased  marrow  signal 

-  T2- weighted  MRI:  increased  marrow  signal 

-  Can  be  associated  with  significant  soft-tissue  thickening 
and  enhancement  in  adjacent  masticator  muscles 


Fig.  13.33  Osteoradionecrosis;  42-year-old  male  status  postradiation 
treatment  for  nasopharyngeal  cancer.  (A)  Axial  CT  image  shows  lytic 
and  osteosclerotic  changes  of  the  skull  base  bone  (arrow).  (B)  Axial 
T1 -weighted  MRI  shows  hypointense  lesion  (arrow).  (C)  Axial 


T2-weightd  fat- suppressed  MRI  shows  hyperintensity  (arrow).  (D) 
Axial  T1 -weighted  fat-suppressed  post-Gd  MRI  shows  diffuse  enhance¬ 
ment  within  clivus  (arrow)  and  right  masticator  and  buccal  space 
(arrowheads) 
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13.35  Langerhans  Cell  Histiocytosis 

Fig.  13.34 

13.35.1  Definition 

A  spectrum  of  disorders  with  histiocytic  proliferation  involv¬ 
ing  bone  and  soft  tissue. 

13.35.2  Clinical  Features 

-  Classified  according  to  sites  of  involvement  into  single  or 
multisystem  disease 

-  Usually  presents  in  first  decade 

-  Bony  involvement  is  seen  in  78%  of  cases  and  often 
includes  the  skull  (49%),  innominate  bone,  femur,  orbit 
(11%),  and  ribs 


-  Infiltration  in  the  temporal  bone  presents  with  conductive 
hearing  loss  and  draining  ear 

-  Frequently  diagnosed  only  after  treatment  with  antibiot¬ 
ics  fails  to  cure  a  suspected  middle  ear  or  mastoid 
infection 

13.35.3  Imaging  Features 

-  External  auditory  canal  and  mastoid  are  common 
locations 

-  Bone  margins  are  geographic  and  moderately  well 
defined.  “Punched-out”  borders  also  may  be  found 

-  Early  imaging  findings  mimic  inflammatory  disease 

-  Post-contrast  CT  or  MRI  help  to  differentiate  inflamma¬ 
tory  mastoid  lesions 

-  On  CT  images  or  MRI,  enhancement  within  lesion  may 
be  homogeneous  or  may  occur  only  in  periphery 


Fig.  13.34  Langerhans  cell  histiocytosis;  1 -year-old  male  who  has  had  destruction  of  right  mastoid  air  cells  (arrow).  (B)  Coronal  CT  image 
two  episodes  of  otitis  media  and  a  recent  onset  of  right  auricular  swell-  with  bone  window  shows  irregular  “geographic”  border  with  complete 
ing.  (A)  Axial  CT  image  shows  soft-tissue  mass  with  opacification  and  loss  of  portions  of  mastoid  cortex  (arrow) 


13.36  Fibrous  Dysplasia 
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13.36  Fibrous  Dysplasia 

Fig.  13.35 

13.36.1  Definition 

Progressive  replacement  of  normal  cancellous  bone  by 
poorly  organized  fibro-osseous  tissue. 

13.36.2  Clinical  Features 

-  Usually  seen  in  young  age  group  (<30  years  old) 

-  Symptoms  depended  on  the  lesion  location 

-  Monostotic:  70%  of  cases,  single  osseous  site  is 
affected 

-  Polyostotic:  25%  of  cases,  involves  more  than  two  sepa¬ 
rated  sites 


-  Usually  self-limiting,  often  does  not  progress  after  third 
decade  of  life 

-  McCune- Albright  syndrome:  a  variant  that  consists  of 
polyostotic  fibrous  dysplasia,  skin  pigmentation,  and  sex¬ 
ual  precocity 

13.36.3  Imaging  Features 

-  Affects  any  bone  including  the  skull,  skull  base,  and  facial 
bones 

-  Bone  CT  imaging  is  best  for  diagnosis  showing  expansile 
lesion  centered  in  medullary  space  with  variable  attenuation 

-  Ground-glass  matrix  in  expansile  bone  lesion  is  typical 

-  Abrupt  or  gradual  transition  zone  between  lesion  and  nor¬ 
mal  bone 

-  Tl-  and  T2- weighted  MRI:  low  signal 

-  Tl -weighted  post-Gd  MRI:  variable  enhancement  of 
internal  matrix 


Fig.  1 3.35  Fibrous  dysplasia;  4-year-old  female  with  facial  deformity,  right  occipital  bone  {posterior  black  arrow).  (B)  Axial  CT  image  with 
(A)  Axial  CT  image  with  bone  window  shows  ground-glass  appearance  bone  window,  more  cranial,  shows  ground-glass  appearance  of  sphe- 
of  left  maxillary  sinus  {white  arrow),  left  skull  base  {black  arrow),  and  noid  bone  with  mild  narrowing  of  left  optic  canal  {arrow) 
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1 3.37  Giant  Aneurysm  of  Skull  Base 

Fig.  13.36 

13.37.1  Definition 

Aneurysms  involving  the  skull  base. 

13.37.2  Clinical  Features 

-  Most  aneurysms  are  acquired  and  spontaneous;  some 
occur  after  infection,  trauma,  or  local  surgery.  There  is  a 
small  genetic  predisposition 


-  Pressure  on  the  nerves  in  the  cavernous  sinus  can  lead  to 
ophthalmoplegia  or  facial  pain 

-  Hemorrhage  is  unusual 

-  Can  rupture  into  the  sphenoid  sinus,  into  the  subarach¬ 
noid  space,  or  into  the  cavernous  sinus 

13.37.3  Imaging  Features 

-  Large  aneurysms  may  erode  the  skull  base 

-  Imaging  of  large  aneurysms  is  varied  and  depends  on 
the  patency  of  the  lumen  and  the  presence  of  thrombosis 

-  A  dynamic  scan’s  arterial  phase  may  help  separate  the 
aneurysm  from  the  normal  cavernous  sinus 

-  Calcification  can  be  present  in  the  aneurysm’s  wall 


Fig.  13.36  Giant  aneurysm  in  skull  base;  33-year-old  male  with  his¬ 
tory  of  carotid  aneurysm  treated  using  balloon  and  coils  with  complete 
occlusion  of  left  internal  carotid  artery.  (A)  Axial  CT  image,  bone  win- 

13.38  Glomus  Vagale  Paraganglioma 

Fig.  13.37 

13.38.1  Definition 

Benign  vascular  tumor  arising  from  neural  crest  paragan- 
glion  cells  associated  with  nodose  ganglia  of  the  vagus  nerve. 


dow,  shows  erosion  of  left  middle  cranial  fossa  due  to  a  large  aneurysm 
(arrow).  Lumen  of  aneurysm  is  completely  occluded.  (B)  Coronal  CT 
image  confirms  severe  bone  destruction  (arrow) 

13.38.2  Clinical  Features 

-  Depending  on  the  location  of  the  paraganglioma,  the 
tumor  is  named  carotid  body  tumor,  glomus  vagale,  glo¬ 
mus  jugulare,  or  glomus  tympanicum 

-  Usually  fourth  to  fifth  decade;  slight  female  dominance 

-  Can  occur  sporadically  or  as  autosomal  dominant  familial 
tumor 

-  Presents  with  vagal  neuropathy,  hoarseness,  and  Horner 
syndrome  (glomus  vagale) 


13.39  Craniopharyngioma 
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Fig.  13.37  Glomus  vagale  paraganglioma;  54-year-old  female  with 
symptoms  of  dysphagia.  There  was  a  palpable  mass  on  the  right  side  of 
the  neck.  (A)  Axial  T1 -weighted  post-Gd  MRI  demonstrates  enhancing 


13.38.3  Imaging  Features 

-  Located  in  nasopharyngeal  carotid  space 

-  Displace  parapharyngeal  fat  anteriorly  and  internal 
carotid  artery  anteromedially 

-  Usually  solitary  lesions  at  one  site 

-  Highly  vascular  and  intensely  enhancing  mass 

-  May  contain  areas  of  hemorrhage  and  necrosis 

-  T1 -weighted  MRI:  characteristic  salt  and  pepper  appear¬ 
ance  due  to  flow  (pepper)  and  hyperintensity  due  to  hem¬ 
orrhage  (salt) 


13.39  Craniopharyngioma 

Fig.  13.38 

13.39.1  Definition 


mass  in  right  carotid  space  {arrow),  consistent  with  paraganglioma.  (B) 
Right  common  carotid  angiogram  demonstrates  large  vascular  mass 
(arrow) 


13.39.2  Clinical  Features 

-  Bimodal  age  distribution  (peak  5-15  years;  papillary  type 
>50  years) 

-  Pediatric  patient  with  morning  headache,  visual  defect, 
and  short  stature 

-  Endocrine  disturbances 

-  Hydrocephalus 

13.39.3  Imaging  Features 

-  Typically  found  in  suprasellar  location 

-  Heterogeneous  appearance  with  calcification  and  cystic 
component 

-  T1 -weighted  MRI:  signal  varies  with  cyst  contents 

-  T1 -weighted  post-Gd  MRI:  solid  portions  are  enhanced 
heterogeneously 


Benign  tumor  derived  from  remnants  of  Rathke’s  pouch. 
There  are  two  types:  adamantinomatous  and  papillary. 
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Fig.  13.38  Craniopharyngioma;  7-year-old  female  with  history  of 
long-standing  headache.  (A)  Sagittal  T1 -weighted  MRI  shows  a  large 
lobulated  sellar/suprasellar  mass  extending  upward  to  the  third  ventri¬ 
cle  and  posteriorly  into  prepontine  cistern  (arrows).  Most  cysts  show 
hyperintensity.  (B)  Axial  T2-weighted  MRI  shows  extension  into  cere¬ 


bellopontine  angles  more  to  the  left  (arrows)  with  left  parasellar  exten¬ 
sion  (arrowhead)  and  encasement  of  basilar  artery  (small  arrowhead). 
(C)  Axial  CT  shows  eccentrically  located  calcification  within  a  hyper- 
dense  lobulated  mass  at  suprasellar  region  (arrow) 


13.40  Pituitary  Macroadenoma  Invading 
the  Skull  Base 

Fig.  13.39 

13.40.1  Definition 

Pituitary  macroadenoma  with  inferior  extension  to  sphenoid 
sinus  and  clivus. 

13.40.2  Clinical  Features 


-  Visual  field  defect  and  cranial  nerve  palsy 

-  Benign  and  slow  growing 

13.40.3  Imaging  Features 

-  Expansion  of  sella  with  invasion  of  surrounding  adjacent 
structures 

-  Bony  margins  are  usually  smooth 

-  On  MRI,  sellar-infrasellar  mass  invading  basisphenoid 
and  basiocciput 

-  May  extend  into  cavernous  sinus  and  encase  internal 
carotid  artery 

-  Enhancement  is  necessary  to  evaluate  the  tumor  extension 


-  Pituitary  hormonal  abnormality 


13.41  Trigeminal  Schwannoma 
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Fig.  1 3.39  Pituitary  macroadenoma;  53-year-old  male  with  visual  dis¬ 
turbance.  (A)  Axial  T2-weighted  MRI  shows  heterogeneous  large  mass 
in  sella  and  right  cavernous  sinus  (arrow).  Mass  extends  posteriorly 
into  brain  stem  causing  compression  of  brain  stem.  (B)  Sagittal 
T1 -weighted  post-Gd  MRI  shows  mass  expanding  sella  and  extending 


up  to  superior  portion  of  sphenoid  sinus  and  clivus  (arrow).  Posteriorly 
mass  extends  into  brain  stem  causing  compression  of  brain  stem 
(arrowhead).  (C)  Coronal  T1 -weighted  post-Gd  MRI  shows  mass 
extending  into  right  cavernous  sinus  (arrow)  with  encasement  of  inter¬ 
nal  carotid  artery  (arrowhead) 


1 3.41  Trigeminal  Schwannoma 

Fig.  13.40 

13.41.1  Definition 

Benign  encapsulated  tumor  of  Schwann  cell  arising  from  the 
trigeminal  nerve. 


13.41.2  Clinical  Features 

-  Trigeminal  nerve  is  most  commonly  affected  in  central 
skull  base 

-  Asymptomatic  mass  in  deep  facial  soft  tissue 

-  May  present  with  facial  pain,  decreased  sensation,  and 
masticator  muscle  weakness  and/or  atrophy 

-  Predominantly  third  or  fourth  decade 
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13.41.3  Imaging  Features 

-  Arises  in  Meckel’s  cave  or  in  cistern  along  course  of  nerve 

-  Rarely  arises  below  skull  base 

-  Extension  is  common  through  the  foramen  ovale  and 
foramen  rotundum,  and  CT  imaging  with  bone  window  is 
best  to  see  smooth  margin  of  an  expanded  foramen 


-  May  have  a  dumbbell  shape  with  components  enlarging 
cavernous  sinus  and  protruding  into  the  posterior  cranial 
fossa 

-  Cystic  changes  or  necrosis  typical  of  larger  lesions 

-  T1 -weighted  post-Gd  fat- suppressed  MRI,  axial  and  cor¬ 
onal,  is  best  to  see  tumor  extension 


Fig.  1 3.40  Trigeminal  schwannoma;  70-year-old  male  with  memory  loss  and  seizures.  (A)  Axial  Tl-weighted  post-Gd  MRI  shows  enlarged  mass 
(arrow)  in  wall  of  left  cavernous  sinus.  (B)  Coronal  Tl-weighted  post-Gd  MRI  shows  mass  extending  through  the  foramen  ovale  (arrow) 


1 3.42  Metastatic  Disease  to  Hypoglossal 
Canal  and  Clivus 

Fig.  13.41 

13.42.1  Definition 

Metastatic  disease  from  extracranial  primary  tumor  to  skull 
base. 


13.42.2  Clinical  Features 

-  Skull  base  tumor  can  be  primary  or  metastatic 

-  Hematogenous  metastasis  from  primary  tumors  in  the  lung, 
kidney,  breast,  prostate,  and  a  variety  of  other  rare  locations 

-  Neurologic  symptoms  depend  on  location  of  metastatic 
tumor 

-  If  the  hypoglossal  canal  is  affected,  symptoms  may  be  dif¬ 
ficulty  in  swallowing  (dysphagia)  and  speech  (dysarthria) 

-  Treatments  for  skull  base  tumors  can  be  divided  into  med¬ 
ical,  radiation,  and  surgical 


13.43  Orbit 
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Fig.  13.41  Metastatic  disease;  55-year-old  female  with  breast  cancer 
presented  with  swallowing  difficulties.  (A)  Axial  T1 -weighted  MRI 
demonstrates  well-circumscribed  hypointense  lesion  involving  right 


clivus  and  hypoglossal  canal  (arrow).  (B)  Sagittal  T1 -weighted  MRI 
confirms  well-circumscribed  mass  (arrow).  (C)  Axial  T1 -weighted 
post-Gd  MRI  demonstrates  evident  enhancement  of  tumor  (arrow) 


13.42.3  Imaging  Features 

-  CT  with  bone  window  most  useful  to  evaluate  bone 
destruction 

-  Sclerotic  changes  may  be  present  in  prostate  metastasis 

-  T1 -weighted  MRI  is  sensitive  for  bone  metastasis 

-  T1 -weighted  post-Gd  MRI:  fat  saturation  necessary  to 
distinguish  enhancement  from  normal  hyperintense  mar¬ 
row  or  fat 


13.43  Orbit 

Orbital  pathology  is  in  many  respects  completely  different 
from  that  seen  in  the  maxillofacial  area.  Imaging  of  the  orbit  is 
done  after  a  thorough  clinical  examination.  The  clinical  exami¬ 


nation  can  diagnose  conditions  of  the  globe  with  high  accu¬ 
racy,  but  anything  that  is  posterior  to  the  globe  is  difficult  to 
diagnosis  clinically,  often  prompting  imaging  of  the  orbit. 
Both  CT  and  MR  imaging  are  used,  and  in  general  CT  imaging 
is  the  first  choice  for  trauma  and  bony  pathology,  whereas  MR 
imaging  is  the  superior  technique  for  soft-tissue  abnormalities. 
Again,  it  is  not  the  intention  in  this  section  of  this  chapter  on 
adjacent  structures  to  give  a  full  description  of  orbital  condi¬ 
tions,  but  rather  to  alert  the  maxillofacial  radiologist  as  to  what 
may  be  going  on  in  the  orbit  which  is  the  closest  adjacent 
structure  to  the  maxillofacial  area  superiorly  and  laterally. 
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13.44  Orbital  Infectious  Disease 

Fig.  13.42 

13.44.1  Definition 

Orbital  bacterial  infection. 

13.44.2  Clinical  Features 

-  Orbital  bacterial  infection  includes  retention  edema  of  the 
eyelid,  preseptal  cellulitis,  preseptal  abscess,  orbital  cel¬ 
lulitis,  orbital  abscess,  subperiosteal  abscess,  and  cavern¬ 
ous  sinus  thrombosis 

-  The  majority  are  of  paranasal  sinus  origin 

-  May  develop  from  infectious  processes  of  the  face  or 
pharynx,  trauma,  foreign  bodies,  or  septicemia 

-  Presents  with  orbital  edema  and  painful  proptosis  with  fever 

-  Rapidly  progressive,  potentially  blinding  diseases 

13.44.3  Imaging  Features 

-  Post-contrast  CT  imaging  is  first-line  modality  and  shows 
inflammation  and  rim-enhancing  hypodense  fluid 
collection 

-  Post-contrast  MRI  is  best  to  assess  intracranial  complica¬ 
tions  (meningitis,  subdural  empyema,  cerebritis,  or  brain 
abscess) 

-  On  diffusion-weighted  imaging,  abscess  shows 
hyperintensity 


1 3.45  Dacryocystocele,  Nasolacrimal  Duct 

Fig.  13.43 

13.45.1  Definition 

Cystic  dilatation  of  nasolacrimal  apparatus  resulting  from 
stenosis  of  the  nasolacrimal  duct. 

13.45.2  Clinical  Features 

-  Present  in  adults  (congenital  dacryocystocele  is  seen  in 
infancy) 

-  History  of  dacryocystitis  or  neoplastic  stenosis,  prior 
nasoorbital/nasoethmoidal  trauma,  or  surgery 


-  Intranasal  mass  representing  inferior  extension  of 

cystocele 

13.45.3  Imaging  Features 

-  Medial  canthus  cyst  on  CT  images 

-  Enlarged  osseous  nasolacrimal  canal 

-  Intranasal  mass  representing  inferior  extension  of 

cystocele 


13.46  Dermoid 

Fig.  13.44 

13.46.1  Definition 

Cystic  lesion  of  orbit  resulting  from  inclusion  of  ectodermal 

elements  during  closure  of  neural  tube. 

Dermoid:  epithelial  elements  plus  dermal  substructures. 
Epidermoid:  epithelial  elements  only. 

13.46.2  Clinical  Features 

-  Most  common  developmental  cysts  involving  orbit  and 
periorbital  structures 

-  Painless  firm  subcutaneous  mass 

-  Diplopia  if  larger 

-  Childhood  presentation  more  common  than  adult 

-  Sudden  growth  or  change  may  occur  following  rupture 

13.46.3  Imaging  Features 

-  Cystic,  well-demarcated,  and  extraconal  mass 

-  Commonest  location  is  superior  temporal  aspect  of  orbit 
at  frontozygomatic  suture  but  can  occur  anywhere  in 
orbit 

-  On  CT  images,  both  epidermoid  and  dermoid  cysts  appear 
as  a  nonenhancing,  low-density  mass 

-  Calcifications  may  be  seen 

-  May  have  a  fat  density 

-  Tl-  weighted  MRI:  usually  low  signal  but  may  be  hyper¬ 
intense  if  fat  containing 

-  T2- weighted  MRI:  high  signal 

-  Diffusion- weighted  imaging:  typically  high  intensity 


13.46  Dermoid 
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Fig.  1 3.42  Orbital  abscess;  26-year-old  male  with  periorbital  pain  and 
swelling.  (A)  Axial  post-contrast  CT  image  demonstrates  soft-tissue 
thickening  and  inflammatory  changes  in  the  left  periorbital  region  with 
a  rounded  nonenhancing  soft-tissue  lesion  in  left  upper  eyelid  (arrow) 
consistent  with  abscess.  Mucosal  thickening  of  ethmoid  sinus  is  also 
present  and  may  be  the  source  of  this  abscess.  (B)  Coronal  T1 -weighted 


fat- suppressed  post-Gd  MRI  shows  diffuse  enhancement  within  soft  tis¬ 
sue  of  left  periorbital  region  and  nonenhanced  fluid  collection  (arrow). 
Mucosal  thickening  of  frontal  sinus  is  also  observed.  (C)  On  diffusion- 
weighted  imaging,  abscess  shows  very  high- signal  intensity  (arrow) 
due  to  restricted  diffusion 


490 


13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


Fig.  13.43  Dacryocystocele;  43-year-old  female  with  periorbital 
recurrent  swelling.  Axial  (A)  and  coronal  (B)  post-contrast  CT  images 
show  left  periorbital  soft-tissue  swelling  representing  orbital  cellulitis. 


Osseous  nasolacrimal  canal  is  enlarged,  and  rim-enhancing  cystic  mass 
is  observed  in  medial  canthus  which  is  an  infected  nasolacrimal  cysto- 
cele  ( arrows ) 


Fig.  13.44  Dermoid;  young  male  with  palpable  lesion  over  nasal  bridge.  Axial  (A)  and  coronal  (B)  non-contrast  CT  images  show  well-demarcated, 
thin-walled  mass  ( arrows )  in  supranasal  wall  of  right  orbit 


13.47  Fibrous  Dysplasia 
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13.47  Fibrous  Dysplasia 

Fig.  13.45 

13.47.1  Definition 

Progressive  replacement  of  normal  cancellous  bone  by 

poorly  organized  fibro-osseous  tissue. 

13.47.2  Clinical  Features 

-  Usually  seen  in  young  age  group  (<30  years) 

-  Orbital  lesion:  optic  neuropathy  due  to  optic  nerve  com¬ 
pression  in  optic  canal 

-  Monostotic:  70%  of  cases;  single  osseous  site  is  affected 

-  Polyostotic:  25%  of  cases  involves  more  than  two  sepa¬ 
rated  sites 

-  Usually  self-limiting  and  often  does  not  progress  after 
third  decade  of  life 

-  McCune-Albright  syndrome  is  a  variant  that  consists  of 
polyostotic  fibrous  dysplasia,  skin  pigmentation,  and  sex¬ 
ual  precocity 


-  Surgical  treatment  for  optic  nerve  decompression  and  for 
limited  cosmetic  debulking  and  recontouring  of  the 
bone 

13.47.3  Imaging  Features 

-  Affects  any  bone  including  the  skull,  skull  base,  and  facial 
bones 

-  Bone  CT  imaging  is  best  for  diagnosis  showing  expansile 
lesion  centered  in  medullary  space  with  variable 
attenuation 

-  Ground-glass  matrix  in  expansile  bone  lesion  is 
typical 

-  Abrupt  or  gradual  transition  zone  between  lesion  and  nor¬ 
mal  bone 

-  Tl-  and  T2- weighted  MRI:  usually  low  signal 

-  T2- weighted  MRI:  occasionally  high  signal  simulating  a 
tumor 

-  Tl -weighted  post-Gd  MRI:  variable  enhancement  of 
internal  matrix 


Fig.  13.45  Fibrous  dysplasia;  17-year-old  presents  with  painless 
prominence  in  left  supraorbital  region.  (A)  Coronal  CT  image  shows 
dense  expansile  greater  wing  of  the  sphenoid  bone  on  the  left  side. 
Orbital  cavity  is  compressed  (arrow).  (B)  Tl -weighted  MRI  shows 


low-signal  intensity  from  fibrous  lesion  in  greater  wing  of  sphenoid 
bone  on  the  left  side  consistent  with  fibrous  dysplasia  (arrow).  (C) 
Tl -weighted  post-Gd  MRI  shows  heterogeneous  enhancement  in 
expanded  greater  wing  of  sphenoid  bone  (arrow) 


492 


13  Adjacent  Structures:  Cervical  Spine,  Neck,  Skull  Base,  and  Orbit 


1 3.48  Langerhans  Cell  Histiocytosis 

Fig.  13.46 

13.48.1  Definition 

A  benign  spectrum  of  disorders  with  histiocytic  proliferation 
involving  the  orbit. 

13.48.2  Clinical  Features 

-  Unifocal  Langerhans  cell  histiocytosis 

-  Presents  with  orbital  pain,  swelling,  and  proptosis 

-  Usually  presents  in  the  first  decade 

-  Management  is  usually  conservative,  and  spontaneous 
healing  may  occur 


13.48.3  Imaging  Features 

-  Most  common  orbital  manifestation  is  a  solitary  osseous 
lesion 

-  Orbital  soft-tissue  involvement  without  an  obvious  bony 
defect  is  rare 

-  On  CT  images,  homogeneously  hyperdense  enhancing 
mass  with  bony  erosion  or  destruction 

-  T1 -weighted  MRI:  isointens 

-  T2- weighted  MRI:  minimally  to  moderately 
hyperintense 

-  T1 -weighted  post-Gd  MRI:  enhancement 

-  Differential  diagnosis  includes  lacrimal  gland  tumors, 
rhabdomyosarcomas,  metastatic  neuroblastoma  and  lym- 
phoproliferative  disease 


Fig.  13.46  Langerhans  cell  histiocytosis  of  orbit;  14-year-old  male 
with  two  weeks  of  headache,  now  with  periorbital  swelling.  Clinical 
question  of  infection  or  mass.  (A)  Axial  CT  image  shows  homogeneous 
soft-tissue  mass  (arrow)  without  calcification  in  retro-orbital  and 
greater  sphenoid  space.  There  is  a  punched-out  bony  lesion  involving 


sphenoid  wing  and  posterior  wall  of  left  orbit.  (B)  Coronal  STIR  MRI 
image  demonstrates  a  well-defined  hyperintense  mass  (arrow)  in  the 
left  lateral  wall  of  orbit.  The  mass  extends  into  left  orbit  and  deviates 
left  lateral  rectus  muscle.  (C)  Coronal  T1 -weighted  post-Gd  MRI 
(arrow)  shows  diffuse  enhancement  of  mass 


13.50  Hemangioma 
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13.49  Neurofibromatosis 

Fig.  13.47 

13.49.1  Definition 

Orbital  manifestations  associated  with  neurofibromatosis 
type  1  (NF-1). 

13.49.2  Clinical  Features 

-  Plexiform  neurofibroma  and  optic  nerve  glioma  are  typi¬ 
cal  orbital  manifestations  in  NF-1 

-  Cafe  au  lait  spots  are  the  earliest  sign  and  noted  during 
first  year,  and  tumors  begin  to  appear  in  childhood 


-  Presents  with  eyelid,  periorbital,  and  facial  soft-tissue 
masses,  proptosis,  and  ptosis 

-  Malignant  transformation  uncommon 

13.49.3  Imaging  Features 

-  Plexiform  neurofibromas  are  nonencapsulated  infiltrative 
masses  involving  the  cranial  nerve,  muscle,  optic  nerve 
sheath,  and  sclera 

-  T1 -weighting  MRI:  signal  intensity  of  plexiform  neurofi¬ 
bromas  similar  to  that  of  muscle 

-  T2- weighted  MRI:  often  high 

-  T 1  -weighted  post-Gd  MRI:  contrast  enhancement  usually 
intense 

-  May  be  associated  with  sphenoid  dysplasia,  buphthalmos, 
and  optic  canal  and/or  orbital  fissure  enlargement 

-  Optic  nerve  glioma 


Fig.  1 3.47  Plexiform  neurofibroma;  30-year-old  with  known  neurofi¬ 
bromatosis  presenting  with  periorbital  swelling.  (A)  Axial  T2- weighted 
MRI  shows  a  large  infiltrative  mass  in  left  orbit  deforming  globe  and 


13.50  Hemangioma 

Fig.  13.48 

13.50.1  Definition 

Benign  angioma  consisting  of  a  mass  of  blood  vessels. 

13.50.2  Clinical  Features 

-  Most  common  vascular  tumor  seen  in  infancy 

-  Most  prevalent  in  head  and  neck  region  and  constitutes 
18-38%  of  head  and  neck  tumors 


extending  into  retro-orbital  area.  There  are  large  flow  voids  in  this 
highly  vascular  mass  (arrow).  (B)  Coronal  T1 -weighted  post-Gd  MRI 
shows  enhancing  mass  encasing  and  deforming  globe  (arrow) 

-  Diagnosis  of  hemangioma  is  made  by  a  combination  of 
medical  history,  physical  examination,  and  imaging 
including  ultrasound,  CT,  and  MRI 

-  Typical  hemangiomas  are  red,  raised,  and  bosselated 

-  Deep  hemangiomas  have  normal  overlying  skin  and  may 
mimic  other  vascular  malformations 

-  Congenital  hemangiomas  typically  show  rapid  growth 
and  may  involute  completely 
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13.50.3  Imaging  Features 

-  On  CT  images,  hemangiomas  are  seen  as  lobulated  solid 
masses  that  are  isodense  with  muscle  and  show  intense 
enhancement 

-  T1 -weighted  MRI:  usually  intermediate- signal  intensity 


-  T2- weighted  MRI:  high- signal  intensity 

-  T1 -weighted  post-Gd  MRI:  diffuse  intense 

enhancement 

-  Hemangiomas  need  to  be  differentiated  from  arteriove¬ 
nous  malformations  which  are  also  associated  with  prom¬ 
inent  vascularity 


Fig.  13.48  Hemangioma;  4-month-old  presenting  with  periorbital  shows  hyperintensity-demonstrating  precise  outline  of  mass  and  left 
mass.  (A)  Coronal  Tl-weighted  MRI  shows  left  periorbital  and  cheek  facial  structures  (arrow).  (C)  Axial  Tl-weighted  fat- suppressed  post- 
soft-tissue  mass  (arrow).  (B)  Axial  T2-weighted  fat- suppressed  MRI  Gd  MRI  shows  diffuse  enhancement  of  soft-tissue  hemangioma  (arrow) 


13.53  Lymphoblastic  Leukemia 
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13.51  Meningioma 

Fig.  13.49 

13.51.1  Definition 

Meningioma  of  the  intraorbital  optic  nerve  sheath. 

13.51.2  Clinical  Features 

-  Slow,  painless  progressive  unilateral  visual  loss  and 
proptosis 

-  Usually  middle  age.  Younger  age  patients  may  be  associ¬ 
ated  with  NF-2 

-  Female  predominance 

-  Treatment  includes  stereotactic  radiotherapy  or 
surgery 

13.51.3  Imaging  Features 

-  Enhancing  mass  surrounding  intraorbital  optic  nerve 

-  Linear  or  punctate  calcification  is  characteristic 

-  T 1 -weighted  MRI:  isointense 

-  T2- weighted  MRI:  hyper-  to  hypointense 

-  T1 -weighted  post-Gd  MRI:  best  with  fat  suppression  to 
see  extension  of  tumor  and  to  characterize  tumor  relative 
to  adjacent  orbital  structures 

-  May  extend  along  optic  nerve,  making  “tramtracking” 
appearance  on  contrast-enhanced  MRI 


13.52  Rhabdomyosarcoma 

Fig.  13.50 

13.52.1  Definition 

Primary  mesenchymal  tumor  arising  from  a  primitive  muscle 
cell  known  as  a  rhabdomyoblastoma. 

13.52.2  Clinical  Features 

-  Most  common  primary  malignant  tumor  of  orbit  in 
children 


-  Often  seen  in  children  and  young  adults  under  20  years  of 
age 

-  Rapidly  developing  proptosis  and  displacement  of  globe 

-  Typically  occurs  as  a  unilateral  solid  mass  in  supranasal 
part  of  orbit 

13.52.3  Imaging  Features 

-  On  CT  images,  rhabdomyosarcoma  is  seen  as  a  soft-tissue 
mass  with  moderately  well-defined  margins 

-  Bony  destruction  is  common  if  larger 

-  Calcification  and  cavitation  are  uncommon 

-  T1 -weighted  MRI:  signal  similar  to  muscle 

-  T2- weighted  post-Gd  MRI:  higher  than  muscle 

-  T1 -weighted  post-Gd  MRI:  moderate  to  marked  hetero¬ 
geneous  enhancement 


13.53  Lymphoblastic  Leukemia 

Fig.  13.51 

13.53.1  Definition 

Malignancy  of  hematopoietic  stem  cells. 

13.53.2  Clinical  Features 

-  Primarily  a  disease  of  children  and  young  adults 

-  Peak  incidence  at  4  years  of  age 

-  About  1800  new  cases  per  year  in  the  USA,  80%  under 
15  years  of  age 

13.53.3  Imaging  Features 

-  On  CT  images,  soft-tissue  and/or  bony  mass 

-  Bony  destruction  may  occur 

-  Calcification  and  cavitation  are  uncommon 

-  T1 -weighted  MRI:  signal  intensity  similar  to  muscle 

-  T2- weighted  MRI:  generally  higher  signal  than  muscle 
but  may  be  low  in  tumors  with  high  cellular  density 

-  T1 -weighted  post-Gd  MRI:  moderate  to  marked  hetero¬ 
geneous  enhancement 
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Fig.  1 3.49  Orbital  meningioma;  41 -year-old  male  with  history  of  left 
orbital  meningioma  resected  12  years  ago,  now  with  left  proptosis  and 
question  of  recurrent  meningioma  or  glioma.  (A)  Sagittal  T1 -weighted 
MRI  shows  a  large  isointense  mass  (arrow)  in  the  orbit  compressing 
globe  anteriorly.  (B)  On  coronal  T2-weighted  fat- suppressed  MRI, 


mass  (arrow)  shows  hyperintensity,  and  the  optic  nerve  is  seen  in  the 
center  of  mass  (arrowhead).  (C)  Axial  T1  -weighted  post-Gd  MRI 
shows  intracranial  extension  of  mass  through  the  optic  foramen.  Tumor 
is  deforming  posterior  surface  of  globe  and  causing  proptosis  with  dis¬ 
placement  of  extraocular  muscles  peripherally 


13.53  Lymphoblastic  Leukemia 
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Fig.  1 3.50  Orbital  rhabdomyosarcoma;  4-year-old  male  with  history 
of  left  eyelid  swelling  for  one  week  and  low-grade  fever.  (A)  Coronal 
T1 -weighted  MRI  shows  a  well-defined  mass,  isointense  to  extraocular 


muscles,  in  medial  aspect  of  left  orbital  cavity  (arrow).  (B)  T1 -weighted 
fat- suppressed  post-Gd  MRI  shows  a  heterogeneously  enhanced  mass 
(arrow) 


Fig.  13.51  Lymphoblastic  leukemia;  34-year-old  male  presenting  with 
right  eye  proptosis,  pain,  and  vision  loss.  Clinical  suspicion  of  orbital 
cellulitis.  (A)  Axial  CT  image  shows  mass  (arrows)  in  right  infratempo¬ 


ral  fossa  with  bony  destruction.  (B)  Axial  T1  -weighted  fat-suppressed 
post-Gd  MRI  shows  dramatic  enhancement  and  intracranial  extension 
of  mass  (arrow) 
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Abstract 

This  chapter  illustrates  TMJ  arthrography,  TMJ  arthroscopy,  sialography,  biopsy,  and 
embolization. 


14.1  Introduction 

Interventional  radiology  or,  as  it  is  sometimes  called,  mini¬ 
mally  invasive  surgery  has  evolved  from  traditional  diag¬ 
nostic  radiology  over  the  last  three  decades.  Thus  today 
many  procedures  can  be  done  with  image  guidance  that  in 
the  past  required  an  open  approach.  The  morbidity,  risks, 
and  complications  can  often  be  reduced  significantly  by 
image-guided  minimally  invasive  percutaneous  techniques 
as  compared  to  open  surgical  procedures.  There  are  many 
examples  of  successful  interventional  radiology  performed 
today:  TIPS,  in  which  the  portal  vein  is  connected  to  the 
hepatic  vein  bypassing  the  liver  in  patients  with  liver  failure, 
aspiration  biopsies  in  deep  locations  that  were  not  accessi¬ 
ble  without  an  open  approach  in  the  past,  recanalization  of 
the  fallopian  tubes  for  infertility,  and  maintenance  of  vascu¬ 
lar  access  in  patients  with  renal  disease,  to  mention  a  few. 

Interventional  maxillofacial  radiology  is  in  its  infancy. 
Only  a  few  minimally  invasive  procedures  have  been  applied 
to  this  area,  but  it  is  quite  obvious  that  the  percutaneous 
approach  with  needles  is  much  preferred  in  the  maxillofacial 
region  as  compared  to  an  open  procedure.  In  this  chapter  we 
have  collected  a  few  diagnostic  and  interventional  procedures 
that  have  been  applied  to  the  maxillofacial  and  related  areas. 
Of  these  procedures  temporomandibular  joint  (TMJ)  arthrog¬ 
raphy  and  sialography  are  those  which  most  typically  have 
been  performed  by  maxillofacial  radiologists.  It  is  also  our 
opinion  that  image-guided  biopsies  of  soft-tissue  masses  or 
bone,  being  good  alternatives  to  open  surgery  biopsies,  should 
be  within  the  working  area  of  these  specialists.  Although 
orbital  biopsies  and  embolizations  are  beyond  their  scope,  we 
have  also  illustrated  such  procedures  to  show  the  maxillofa¬ 
cial  radiologist  what  is  indeed  possible  to  safely  perform. 


1 4.2  TMJ  Arthrography 

Fig.  14.1 

14.2.1  Definition 

Radiographic  study  where  contrast  material  has  been  injected 
into  lower  joint  compartment  or  lower  and  upper  compartments 
to  visualize  soft  tissues  such  as  articular  disc  and  joint  capsule. 


14.2.2  Clinical  Features 

-  Initially,  developed  in  the  1940s  but  gained  popularity  in 
the  1980s  when  internal  derangement  was  discovered  as  a 
frequent  finding  in  patients  with  facial  pain  and  mandibu¬ 
lar  dysfunction 

-  Initially,  single-contrast  arthrography  either  in  lower  joint 
compartment  or  in  both  joint  compartments  with  plain 
films  or  conventional  tomography  (arthrotomography); 
later  developed  into  double-contrast  arthrotomography 
with  air  as  a  supplement  to  the  contrast  material 

-  Fell  out  of  favor  with  the  development  of  high-quality 
MRI  and  rarely  performed  today 

14.2.3  Imaging  Features 

-  Excellent  for  dynamic  studies  of  the  articular  disc 

-  Gold  standard  for  determining  disc  or  posterior  attach¬ 
ment  perforations;  normal  joint  has  no  communication 
between  compartments 
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Fig.  14.1  TMJ  arthrotomography;  normal  and  abnormal.  (A)  Local 
anesthesia  before  contrast  injection.  (B)  Double-contrast  dual  space 
arthrotomography,  i.e.,  both  joint  compartments  injected  separately; 
normal  disc  position  in  half-open-mouth  view  as  indicated  by  anterior 
band  (< arrowhead)  anterior  to  condyle  (C)  and  posterior  band  (arrow) 
posterior  to  condyle;  joint  spaces  also  filled  with  air  and  thus  appear 
radiolucent.  Articular  eminence  indicated  (. E ).  (C)  Single-contrast  dual 
space  arthrotomography;  upper  space  filled  through  perforation  (not 
seen)  in  the  area  of  disc/posterior  attachment,  open-mouth  view;  disc 


anteriorly  displaced  without  reduction  as  indicated  by  its  posterior  band 
(arrow)  in  front  of  the  condyle  (C).  Articular  eminence  indicated  (E). 
(D)  Single-contrast  lower  space  arthrotomography;  open-mouth  view 
shows  contrast  material  in  front  of  the  condyle  (C)  demonstrating  ante¬ 
riorly  displaced  disc  (arrow)  without  reduction.  Articular  eminence 
indicated  (E).  (E)  Same  joint,  closed-mouth  view;  contrast  material  in 
extended  anterior  recess  showing  lower  surface  of  posterior  band 
(arrow)  of  anteriorly  displaced  disc  in  front  of  the  condyle  (C).  Articular 
eminence  indicated  (E) 


14.3  TMJ  Arthroscopy 
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-  Double-contrast  studies  show  more  exquisite  detail,  but 
the  diagnostic  accuracy  on  a  one-to-one  comparison  is  the 
same  as  for  single-contrast  studies 


1 4.3  TMJ  Arth  roscopy 

Figs.  14.2  and  14.3 

14.3.1  Definition 

Inspection  of  joint  surfaces  by  performing  minimally  invasive 
surgical  procedures  percutaneously  using  an  arthroscope. 


14.3.3  Imaging  Features 

-  Often  difficult  to  diagnose  disc  position  since  no  cross- 
sectional  view  is  obtained 

-  Multiple  minimally  invasive  surgical  procedures 
have  been  performed  with  limited  morbidity  and  suc¬ 
cess  rates  similar  to  those  of  open  surgical 
procedures 

-  Can  be  done  under  general  or  local  anesthesia 

-  Diagnosis  of  adhesions  and  synovitis  are  the  main  appli¬ 
cations  for  arthroscopy 

-  Usually  only  upper  joint  compartment  examined/treated 


14.3.2  Clinical  Features 

-  Gained  popularity  in  early  1980s  when  thin  (2-3  mm 
diameter)  arthroscopic  instruments  became  available 


Fig.  1 4.2  TMJ  arthroscopy;  normal  and  abnormal.  (A)  Upper  joint  compartment;  normal  joint  as  indicated  by  smooth  surfaces  of  both  disc  and 
eminence.  (B)  Upper  joint  compartment;  fibrous  adhesion  between  disc  and  eminence  (arrow) 
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Fig.  1 4.3  TMJ  arthroscopy;  rheumatoid  arthritis.  (A)  Upper  joint  com¬ 
partment;  synovial  proliferation  ( arrowhead)  in  disc  perforation  area, 
hyperemia  ( small  arrowhead ),  and  part  of  disc  (arrow).  (B)  Same  joint; 


14.4  Sialography 

Figs.  14.4,  14.5,  14.6,  14.7,  and  14.8 

14.4.1  Definition 

Radiographic  studies  of  salivary  glands  after  injection  of 
contrast  material. 

14.4.2  Clinical  Features 

-  Sialography  is  primarily  done  to  image  ducts  and,  if  con¬ 
ventional  radiography  or  CT  image  is  normal,  to  detect 
salivary  stones 


synovial  proliferation  (< arrowhead )  in  disc  perforation  area  and  part  of 
disc  (arrow) 


-  Also  used  in  the  treatment  of  strictures  (ballooning)  and 
removal  of  stones  (fluoroscopically  guided  basket  retrieval) 


14.4.3  Imaging  Features 

-  Inflammation,  strictures;  stones  are  often  better  seen  on 
sialography  than  on  MRI  or  CT  images 

-  In  the  late  1970s,  CT  sialography  was  popularized,  but 
this  procedure  has  fallen  out  of  favor  because  conven¬ 
tional  sialography  is  superior  for  duct  imaging  and  quality 
of  MR  sialography  is  improving 

-  MRI  is  primary  modality  for  salivary  gland  masses 


14.4  Sialography 
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Fig.  14.4  Parotid  sialography;  sialodochitis,  normal  parenchyma. 
(A)  Side  view  shows  no  signs  of  stone  in  Stensen’s  duct.  (B)  Plain  him 
sialography  shows  stricture  (arrow)  and  dilatation  proximal  duct. 


(C)  Plain  him  shows  retention  of  contrast  material;  only  parenchyma  is 
without  contrast  material  after  5  min  (courtesy  of  Dr.  B.  Svensson, 
Skovde  Hospital,  Sweden) 


Fig.  14.5  Submandibular  sialography;  sialadenitis,  rather  normal  dular  ducts  with  abnormal  filling  of  parenchyma.  (B)  Digital  subtrac- 
Wharton’s  duct.  (A)  Plain  him  sialography  (fluoroscopy)  shows  mostly  tion  sialography  of  same  patient  does  not  show  stricture  but  more 
a  normal  duct  but  with  one  stricture  (arrow)  and  dilatation  of  intraglan-  clearly  lack  of  parenchyma  filling 
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Fig.  14.6  Parotid  sialography;  normal  filling  of  Stensen’s  duct  and 
gland  parenchyma  but  duct  displacement  because  of  tumor.  (A)  Digital 
subtraction  sialography  shows  normal  caliber  duct  and  normal  filling  of 


intraglandular  ducts,  but  displacement  ( arrows )  due  to  tumor;  difficult 
to  appreciate.  (B)  Axial  T1 -weighted  MRI  performed  same  day  shows 
tumor  (arrow)  in  the  left  parotid  gland 


Fig.  14.7  Parotid  sialography;  abnormal  filling  of  Stensen’s  duct  and 
no  filling  of  parenchyma  before  successful  duct  ballooning.  (A)  Digital 
subtraction  sialography  shows  abrupt  blockage  of  mid  Stensen’s  duct 
(arrow)  and  filling  of  secondary  ducts  (arrowhead)  and  third  ducts 
more  enhanced  than  usual.  (B)  Plain  film  sialography  (fluoroscopy) 
after  probing  with  a  guide  wire  (arrow)  shows  that  blockage  could  be 


passed  with  contrast  material.  (C)  Plain  film  sialography  (fluoroscopy) 
shows  that  symmetry  2  mm  x  2  cm  balloon  has  been  inserted  (arrows) 
and  expanded  to  dilate  stricture.  (D)  Digital  subtraction  sialography 
after  procedure  shows  small  residual  stricture  (arrow),  but  filling  of 
gland;  inflammatory  changes 


14.4  Sialography 
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Fig.  14.8  Parotid  sialography;  occlusion  of  Stensen’s  duct  and  no  fill¬ 
ing  of  parenchyma  before  successful  duct  ballooning.  (A)  Digital  sub¬ 
traction  parotid  sialography;  stricture  occluding  Stensen’s  duct  (arrow). 
(B)  Subtraction  sialography  after  probing  through  duct  with  guide  wire 


shows  stenosis  (arrow)  but  filling  of  parenchyma.  (C)  Subtraction  sia¬ 
lography  after  dilatation  shows  widening  of  stricture  (arrow).  A  small 
filling  defect  in  gland  (arrowhead)  may  be  mucus  or  residual  stone.  The 
patient  did  well  after  procedure  and  no  further  intervention  was  needed 
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14.5  Biopsy 

Figs.  14.9,  14.10,  and  14.11 

14.5.1  Definition 

Either  tissue  or  cellular  material  for  pathologic  diagnosis. 

14.5.2  Clinical  Features 

-  With  an  image-guided  procedure,  deep  lesions  in  the  maxil¬ 
lofacial  area  can  often  be  reached  with  minimal  morbidity 


14.5.3  Imaging  Features 

-  Fine  needle  aspiration  provides  cytologic  information 

-  Core  biopsy  gives  a  solid  tissue  core  which  is  fixed  in 
formalin  and  embedded  for  traditional  pathologic  studies 
with  light  microscopy 

-  Typically  22  gauge  needles  are  used  for  fine  needle  aspi¬ 
ration,  and  16,  18,  or  20  gauge  core  biopsy  needles  are 
used  for  core  biopsies 

-  Negative  fine  needle  aspiration  findings  are  difficult  to 
interpret  since  they  may  be  due  to  sampling  error 

-  Core  biopsy  gives  higher  percentage  of  positive  answers 
and  easier  to  trust  when  negative.  Core  biopsy  is  however 
more  invasive  since  the  needle  size  is  larger 

-  For  bone  biopsies  13  gauge  bone  biopsy  needles  are  used 

-  CT  fluoroscopy  reduces  radiation  and  improves  efficiency 
over  regular  CT  imaging  as  guidance 


Fig.  14.9  CT  fluoroscopy-guided  biopsy  of  parapharyngeal  mass. 

(A)  Axial  T2-weighted  MRI  shows  deep  parapharyngeal  mass  (arrow). 

(B)  Coronal  T1 -weighted  post-Gd  MRI  shows  mass  (arrow)  medial  to 
the  ramus  of  the  mandible.  (C)  Patient  placed  in  lateral  decubitus. 
Markers,  white  dots,  are  placed  on  the  skin  to  guide  an  oblique  posterior 


approach.  (D)  Local  anesthesia  is  induced.  (E)  16  gauge  Temno  core 
biopsy  needle;  tissue  core  is  obtained  in  cut  out  on  needle  (between 
arrows).  (F)  Temno  biopsy  needle  inserted  through  a  small  skin  inci¬ 
sion.  (G)  CT  fluoroscopy  shows  biopsy  needle  at  correct  angle.  (H)  CT 
fluoroscopy  confirms  correct  position  of  needle  within  mass 


14.5  Biopsy 
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Fig.  1 4.9  (continued) 
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Fig.  14.10  CT  fluoroscopy-guided  biopsy  of  orbital  mass.  (A)  Axial  CT  image  shows  intraorbital  mass  (arrow)  in  posterior  lateral  aspect  of  right 
orbit.  (B)  Axial  CT  image,  bone  window,  shows  fine  needle,  25  gauge,  in  correct  position;  aspiration  revealed  signs  of  hemangioma 


Fig.  1 4.1 1  Bone  biopsy  of  mass  around  mandibular  ramus.  (A)  Axial 
CT  image  shows  soft-tissue  mass  with  extensive  sunburst  periosteal 
bone  reaction  (arrow).  (B)  3D  CT  image  depicts  relationship  between 


tumor  and  the  ramus  of  the  mandible  (arrow).  (C)  Bone  core  (arrow) 
obtained  using  a  13  gauge  bone  biopsy  needle  demonstrated 
chondrosarcoma 
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14.6  Facial  Hemangioma  Embolization 

Fig.  14.12 

14.6.1  Definition 

Percutaneous  treatment  of  facial  hemangioma  by  injection  of 

absolute  alcohol. 

14.6.2  Clinical  Features 

-  Hemangiomas  of  face  often  regress  with  time 

-  Image-guided  alcohol  embolization  is  often  less  invasive 
than  surgery  which  is  difficult  because  of  the  intricate 
nature  of  hemangiomas 

14.6.3  Imaging  Features 

-  Using  general  anesthetics,  percutaneous  injection  of  alco¬ 
hol  can  be  used  to  reverse  hemangiomas.  Other  substances 
can  also  be  used 


14.7  Nosebleed  Embolization 

Fig.  14.13 

14.7.1  Definition 

Using  interventional  angiographic  technique  to  embolize 

small  vessels  leading  to  nosebleed  using  particles  or  spheres. 

14.7.2  Clinical  Features 

-  Most  nosebleeds  can  be  stopped  by  packing  and  conser¬ 
vative  measures 

-  Nosebleed  may  be  life-threatening  if  it  is  not  stopped  by 
conservative  measures.  Either  surgery  or  interventional 
techniques  may  be  used  to  block  bleeding  vessels 

-  Interventional  techniques  are  less  invasive  than  open 
surgery 


-  Microcatheter  technique  needed  to  embolize  specific 
vessels 

-  Risk  of  blindness  if  retinal  arteries  are  embolized 

-  Often  performed  by  interventional  neuroradiologists 


1 4.8  Juvenile  Angiofibroma  Embolization 

Fig.  14.14 

14.8.1  Definition 

Juvenile  angiofibroma  is  a  benign  locally  aggressive  vascular 
tumor  which  is  often  supplied  from  branches  of  the  internal 
maxillary  artery  and  foramen  rotundum,  arteries  in  the 
Vidian  canal,  the  sphenomaxillary  artery,  and  occasionally 
also  the  ophthalmic  artery.  Standard  treatment  is  surgery 
after  preoperative  embolization  which  effectively  reduces 
intraoperative  bleeding. 

Using  minimally  invasive  interventional  radiographic 
techniques,  small  vessels  are  embolized  by  means  of  a 
microcatheter  in  the  angiofibroma. 

14.8.2  Clinical  Features 

-  Primarily  a  disease  of  adolescent  males;  only  a  few  cases 
reported  in  females 

-  Usually  progressive  growth  but  occasional  regression  has 
been  reported 

-  Located  in  the  nose,  nasopharynx,  and  parapharyngeal 
space 

-  Often  presents  with  nasal  obstruction  and  epistaxis 

14.8.3  Imaging  Features 

-  Very  vascular 

-  Locally  aggressive 

-  Will  often  arise  in  sphenopalatine  foramen 

-  T1 -weighted  MRI:  intermediate  signal 

-  T2- weighted  MRI:  high  signal 

-  T1 -weighted  post-Gd  MRI:  intense  enhancement 

-  MRI  often  shows  flow  voids 


14.7.3  Imaging  Features 

-  High-quality  digital  subtraction  angiography  in  two 
planes  often  necessary 
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Fig.  14.12  Facial  hemangioma  embolization.  (A)  Axial  T1 -weighted 
fat-suppressed  post-Gd  MRI  shows  hemangioma  located  in  the  left 
masticator  space  (arrow).  (B)  Coronal  T2- weighted  fat- suppressed 
MRI  shows  large  mass  of  inhitrating  nature  (arrows).  (C)  Lateral  view 
(fluoroscopy)  shows  percutaneous  injection  of  hemangioma  (arrow) 


using  a  mixture  of  Ethiodol  and  absolute  alcohol.  (D)  Postinjection  lat¬ 
eral  view  (fluoroscopy)  shows  residual  contrast  material  (arrow)  as  an 
indicator  of  the  injection  site  (treatment  courtesy  of  Dr.  H.  Wang, 
University  of  Rochester  Medical  Center,  NY) 
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After  embolization 


Internal  maxillary 
artery 


Fig.  1 4.1 3  Nosebleed  embolization.  (A)  Digital  subtraction  angiogra¬ 
phy  (fluoroscopy)  shows  external  carotid  artery  and  internal  maxillary 
artery  (arrows).  Internal  maxillary  artery  is  the  main  feeder  for  nose¬ 
bleeds.  (B)  Lateral  view  (fluoroscopy)  shows  microcatheter  (arrow) 
placed  in  the  internal  maxillary  artery.  (C)  Lateral  digital  subtraction 


angiography  (fluoroscopy)  after  embolization  shows  microcatheter  in 
the  internal  maxillary  artery  (arrows)  and  marked  reduction  of  small 
vessels  in  the  nasal  region  (treatment  courtesy  of  Dr.  H.  Wang, 
University  of  Rochester  Medical  Center,  Rochester,  NY) 
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Lateral  angiogram 


Tumor 


Catheter  in  mm 
external  carotid 
artery 


After  embolization 


Micro  catheter  in 
internal  rtia\ilkiry 
artery 


Fig.  14.14  Juvenile  angiofibroma  embolization.  (A)  Axial  post¬ 
contrast  CT  image  shows  enhancing  mass  ( arrows )  in  the  left  nasal  cav¬ 
ity,  nasopharynx,  maxillary  sinus,  and  infratemporal  fossa  with  bone 
destruction.  (B)  Coronal  post-contrast  CT  image  shows  enhancing  mass 
(i arrows )  in  the  left  sphenoid  sinus,  left  nasal  cavity,  left  maxillary 
sinus,  and  left  infratemporal  fossa.  (C)  Axial  T1 -weighted  post-Gd 
MRI  shows  intensely  enhancing  mass  (arrows).  (D)  Digital  subtraction 


angiography  in  lateral  projection  with  catheter  in  the  left  external 
carotid  artery  (arrow)  showing  dramatic  tumor  vascularity  of  juvenile 
angiofibroma  (arrow).  (E)  Digital  subtraction  angiography  in  lateral 
projection  after  embolization,  with  microcatheter  in  the  left  internal 
maxillary  artery  (arrow).  Using  particles,  tumor  vascularity  has  been 
almost  completely  eliminated  (treatment  courtesy  of  Dr.  H.  Wang, 
University  of  Rochester  Medical  Center,  NY,  USA) 
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Abstract 

This  chapter  illustrates  jaw  cysts  and  cyst-like  conditions,  benign  jaw  tumors  and  tumor¬ 
like  conditions,  malignant  tumors  in  jaws,  jaw  infections,  temporomandibular  joints,  teeth 
(impactions  and  anomalies/malformations)  and  dental  implants  (pre-  and  postoperative 
imaging),  facial  traumas  and  fractures,  facial  growth  disturbances,  paranasal  sinuses,  maxil¬ 
lofacial  soft  tissues,  and  salivary  glands.  The  themes  are  corresponding  to  the  themes  in  the 
other  chapters. 


15.1  Introduction 

Cone  beam  CT  (CBCT)  scanners  have  been  developed  for 
imaging  dentoalveolar  structures,  with  a  smaller  field  of 
view,  a  lower  radiation  dose,  and  a  higher  spatial  resolution 
compared  to  conventional  (helical,  multidetector,  multislice) 
CT.  However,  the  soft- tissue  contrast  is  superior  with  con¬ 
ventional  CT,  hereafter  named  CT.  The  pioneering  cone 
beam  CT  systems  were  developed  for  dynamic  angiography. 
After  being  introduced  for  dental  imaging  in  the  late  1990s, 
the  availability/use  of  CBCT  has  exploded  worldwide.  In  a 
short  period  of  time,  the  focus  on  this  modality  for  dental  and 
maxillofacial  imaging  has  been  substantial  with  regard  to 
research,  publications,  and  applications. 

This  chapter  contains  a  number  of  sections  with  themes 
corresponding  to  the  other  chapters.  Thus,  readers  who  are 


working  with  CBCT  scanners  in  particular  may  use  one  of 
these  sections  as  a  starting  point  to  study  a  specific  condition 
and  then  go  to  that  chapter  to  read  about  the  actual  condition 
and  see  more  cases. 

Different  CBCT  scanners  differ  substantially  regarding 
fields  of  view,  exposure  parameters,  radiation  dose,  and  image 
quality. 

The  chapter  demonstrates  some  of  the  many  diagnostic 
possibilities  with  this  imaging  modality. 


1 5.2  Maxillofacial  Imaging  Anatomy 

Cone  beam  CT  anatomy  is  similar  to  bone  window  CT  anat¬ 
omy,  as  shown  in  Chap.  1.  Soft-tissue  structures  are  better 
visualized  with  CT.  Images  in  Figs.  1.2  and  1.5  are  obtained 
with  a  CBCT  scanner. 


In  collaboration  with  B.B.  Mork-Knutsen,  U.  Riis,  C.  Hoi,  M.  Redfors, 
M.  Kristensen,  A.-K.  Abrahamsson,  L.  Z.  Arvidsson. 


©  Springer  International  Publishing  AG  2018 

T.A.  Larheim,  P.-L.A.  Westesson,  Maxillofacial  Imaging,  https://doi.org/10.1007/978-3-319-53319-3_15 
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1 5.3  Jaw  Cysts  and  Cyst-Like  Conditions 

Figs.  15.1,  15.2,  15.3,  15.4,  15.5,  15.6,  15.7,  15.8,  15.9,  and 
15.10 

See  Chap.  2 


Fig.  15.1  Radicular  (residual)  cysts,  mandible,  maxilla;  45-year-old 
male  with  variable  pain  from  the  upper  and  lower  jaw.  (A)  Panoramic 
view  shows  well-defined  round  or  oval  corticated  radiolucencies:  one 
residual  cyst  in  the  maxilla  and  two  periapical  cysts  in  the  mandible 
(arrows).  Several  roots  are  remaining  in  the  mandible,  and  many  have 
recently  been  extracted  in  the  maxilla.  (B)  Oblique  sagittal  view  shows 
cysts  in  the  right  mandible  and  right  maxilla  (arrows)  and  in  the  man¬ 
dible  with  direct  contact  with  root  apex.  (C)  Axial  CBCT  image  shows 


minimal  expansion  of  cortical  outline  of  cyst  in  the  left  mandible 
(arrow)  and  no  expansion  of  cortical  outline  of  cyst  in  the  right  mandi¬ 
ble  (white  arrowhead).  Note  the  mandibular  canal  in  the  periphery  of 
cyst  (black  arrowhead).  (D)  Axial  CBCT  image  shows  minimal,  if  any, 
expansion  of  cortical  outline  of  cyst  in  the  maxilla  (arrow).  (E)  Oblique 
sagittal  view  shows  cyst  in  the  left  mandible  (arrow)  with  direct  contact 
with  root  apex.  Note  the  mandibular  canal  in  periphery,  close  to  cyst 
(black  arrowhead) 
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Fig.  1 5.2  Radicular/periapical  cyst,  maxilla;  32-year-old  female  with 
some  discomfort  and  swelling  with  fistula  in  the  left  maxilla. 
(A)  Intraoral  view  shows  periapical  radiolucency  at  the  second  molar 


(arrow).  (B,  C,  D)  Axial  and  (E)  coronal  CBCT  images  show  expand¬ 
ing  process  in  the  left  maxilla  (asterisk)  with  corticated  outline  (arrow) 
except  palatally  (arrowhead).  Same  patient  as  in  Fig.  2.3 
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Fig.  15.3  Paradental  cyst,  mandible;  8 -year-old  female  with  left  man¬ 
dibular  pain  and  inflamed  periodontal  pocket  buccal  to  the  first  molar. 
(A)  Panoramic  view  shows  slight  radiolucency  between  the  first  molar 
and  second  molar  tooth  germ  (arrow).  (B,  C,  D)  Axial,  (E)  axial  (with 


cursor  line),  and  (F)  oblique  coronal  CBCT  images  show  buccal  radio¬ 
lucency  (arrow)  with  intact,  partially  corticated  outline  and  marginal 
communication  (arrowhead) 


Fig.  15.4  Follicular  cyst,  mandible;  27-year-old  female  with  swelling 
in  the  anterior  mandible.  (A)  Panoramic  view  shows  almost  round  cor¬ 
ticated  well-defined  radiolucency  (arrow)  surrounding  the  crown  of  the 
impacted  tooth  (arrowhead).  (B,  C,  D)  Axial  CBCT  images  show 


radiolucency  with  expansion  of  thinned  cortical  plate  (arrow)  and 
impacted  tooth  (arrowhead).  Note  streaking  and  tendency  to  double 
contouring  due  to  patient  movement  during  scanning 
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Fig.  1 5.5  Follicular  cyst,  mandible;  38-year-old  patient  with  incidental 
finding.  (A)  Axial  image  shows  radiolucency  around  crown  of  horizon¬ 
tally  impacted  wisdom  tooth  with  thinning  of  the  lingual  cortical  plate 
but  no  bony  expansion.  (B)  Three  image  planes  indicated  by  different 
colors.  (C)  Sagittal  CBCT  image  shows  pericoronal  radiolucency 


(arrow),  from  cementoenamel  junction  to  cementoenamel  junction, 
typical  feature  of  follicular  cyst.  (D)  Coronal  CBCT  image  shows  fol¬ 
licular  cyst  close  to  the  mandibular  canal  (arrow)  and  thinning  of  the 
entire  lingual  cortical  plate  but  no  or  minimal  expansion  (courtesy  of 
Dr.  K.  Honda,  Nihon  University  School  of  Dentistry,  Tokyo,  Japan) 


Fig.  15.6  Possible  follicular  cysts,  mandible;  8-year-old  male  with 
incidental  findings  at  orthodontic  consultation.  (A)  Panoramic  view 
shows  erupting  canine  in  the  mandible  with  widened  pericoronal  space, 
suggesting  possible  follicular  cyst,  bilaterally  (arrows).  (B)  Axial,  (C) 


axial  (with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  coronal  CBCT 
images  also  show  widened  pericoronal  spaces,  which  may  or  may  not 
be  interpreted  as  follicular  cysts  (arrows) 
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Fig.  15.7  Lateral  periodontal  cyst,  mandible;  70-year-old  female  with 
small  painless  swelling  in  the  anterior  part  of  the  left  mandible.  Vital 
teeth.  (A)  Panoramic  view  shows  no  evident  pathology  in  area  (arrow). 
(B)  Axial  and  (C)  Oblique  coronal  CBCT  images  show  small  round 


lesion  (arrow)  with  some  buccal  expansion  (B),  apparently  with  normal 
periodontal  ligament  of  displaced  neighboring  teeth  and  without  root 
resorption 


Fig.  15.8  Simple  bone  cyst,  mandible;  15-year-old  male  with  inciden-  (D)  oblique  sagittal,  and  (E)  coronal  CBCT  images  show  radiolucent 
tal  finding.  (A)  Panoramic  view  shows  radiolucency  in  the  anterior  part  lesion  (arrow)  with  thin,  partially  corticated  outline,  without  buccal  or 
of  the  right  mandible  (arrow).  (B)  Axial,  (C)  axial  (with  cursor  lines),  lingual  expansion,  and  without  root  resorption 
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Fig.  1 5.9  Simple  bone  cyst,  mandible;  18-year-old  male  with  incidental 
finding.  (A)  Panoramic  view  shows  rather  well-defined  and  slightly  scal¬ 
loped  radiolucency  in  the  right  mandibular  ramus  (arrow)  and  impacted 
wisdom  tooth.  (B)  Axial,  (C)  coronal,  and  (D,  E)  oblique  sagittal  CBCT 
images  show  lesion  (arrow)  with  thinned,  intact  corticated  outline,  with 
some  buccolingual  expansion,  and  without  root  resorption.  (F)  Coronal 


and  (G)  sagittal  T2- weighted  fat- sat  MRI  show  well-defined  lesion  with 
homogeneous  high  signal  (asterisk).  (H)  Sagittal  T1 -weighted  pre-Gd 
and  (I)  Axial  T1 -weighted  fat-sat  post-Gd  MRI  show  no  contrast 
enhancement  except  in  thin  peripheral  rim  (arrow)  (courtesy  of 
Competence  Centre  of  the  Dental  Health  Service,  Region  South,  Arendal, 
Norway  and  Hospital  of  Southern  Norway  SSHF,  Kristiansand,  Norway) 


Fig.  15.10  Stafne  bone  cyst,  mandible;  65 -year-old  male  with  inciden¬ 
tal  finding.  (A)  Panoramic  view  shows  well-defined  radiolucency 
(arrow)  caudal  to  second  molar,  reaching  the  inferior  mandibular  bor¬ 
der.  Radiolucency  is  located  both  caudally  and  cranially  to  mandibular 


canal,  which  is  an  uncommon  feature.  (B)  Oblique  sagittal,  (C)  axial, 
and  (D)  coronal  CBCT  images  show  defect  (arrow)  on  the  lingual  side 
of  the  mandible  (courtesy  of  Dr.  K.  A.  Arseth,  Melhus,  Norway) 
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1 5.4  Benign  Jaw  Tumors  and  Tumorlike  See  Chap.  3 

Conditions 

Figs.  15.11,  15.12,  15.13,  15.14,  15.15,  15.16,  15.17,  15.18, 

15.19,  15.20,  15.21,  and  15.22 


Fig.  15.11  Focal  osseous  dysplasia,  mandible;  35-year-old  female 
with  incidental  finding.  Vital  teeth.  (A)  Panoramic  view  shows  irregular 
radiolucent  and  radiopaque  periapical  bone  structure  (arrow).  (B) 


Axial,  (C)  Axial  (more  caudal  section),  (D)  Axial  (with  cursor  line), 
and  (E)  Oblique  sagittal  CBCT  images  show  irregular  radiolucent  and 
radiopaque  bone  in  periapical  area  of  second  molar  (arrow) 


Fig.  15.1 2  Fibro-osseous  lesion  (periapical  osseous  dysplasia  or  ossi¬ 
fying  fibroma),  mandible;  36-year-old  female  with  painless  swelling  in 
the  anterior  mandible.  Vital  teeth.  (A)  Intraoral  views  show  bone  struc¬ 
ture  with  mixture  of  radiolucencies  and  radiopacities  (arrow).  (B) 


Axial,  (C)  axial  (with  cursor  line),  and  (D)  sagittal  CBCT  images  show 
a  mixture  of  radiolucencies  and  radiopacities  in  periapical  area  (arrow) 
and  some  buccal  expansion 


15.4  Benign  Jaw  Tumors  and  Tumorlike  Conditions 
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Fig.  1 5.1 3  Idiopathic  osteosclerosis,  mandible;  45-year-old  male  with 
incidental  finding.  (A)  Panoramic  view  shows  well-defined  radiopacity 
(arrow).  Note  periodontal  bone  loss  in  the  entire  lower  dentition  and 
periradicular  bone  loss  (with  reactive  sclerosis);  perio-endo  lesion,  at 


first  molar  in  the  right  mandible.  (B,  C,  D)  Axial  CBCT  images  show 
homogeneous  well-defined  radiopacity  without  peripheral  radiolucent 
zone  and  without  expanding  cortical  bone  (arrow) 


Fig.  15.14  Idiopathic  osteosclerosis,  mandible;  15-year-old  female 
with  incidental  finding  believed  to  be  a  remaining  root.  (A,  B)  Intraoral 
views  with  mesioexentric  (M)  and  distoexentric  (D)  projections  show 
well-defined  radiopacity  simulating  a  root  (asterisk).  (C)  Axial,  (D) 


axial  (with  cursor  lines),  (E)  oblique  sagittal,  and  (F)  oblique  coronal 
CBCT  images  show  homogeneous  well-defined  radiopacity  (arrow), 
without  peripheral  radiolucent  zone  and  without  bone  expansion 
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Fig.  15.15  Torus  palatinus;  37-year-old  female  with  incidental  finding.  (A)  Axial,  (B)  axial  (with  cursor  lines),  (C)  sagittal,  and  (D)  coronal 
CBCT  images  show  bony  outgrowth  in  the  midline  of  the  hard  palate  {asterisk) 


Fig.  15.16  Odontoma  (complex),  mandible;  8 -year-old  male  with  small  radiopaque  structures  with  bone  and  enamel  density,  and  with 

unerupted  first  molar.  (A)  Panoramic  view  shows  mass  of  multiple  min-  peripheral  radiolucent  zone,  expanding  (intact)  bone  buccally  and  lin- 

eralized  elements  surrounded  by  radiolucent  zone  {arrow)  and  impacted  gually  {arrow) 
first  molar  {asterisk).  (B,  C,  D)  Axial  CBCT  images  confirm  multiple 
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Fig.  15.17  Odontoma  (complex/compound),  mandible;  11 -year-old 
male  with  incidental  finding.  (A)  Panoramic  view  at  8  years  of  age 
shows  no  odontoma.  (B)  Panoramic  view  3  years  later  shows  radi¬ 
opaque  elements  (partially  toothlike)  surrounded  by  a  thin  peripheral 


zone,  consistent  with  odontoma  (arrow).  (C)  Axial,  (D)  axial  (with  cur¬ 
sor  lines),  (E)  sagittal,  and  (F)  coronal  CBCT  images  show  odontoma 
(arrow)  located  lingually  to  the  canine  and  incisor 
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Fig.  15.18  Odontoma  (compound),  maxilla;  8-year-old  female  with 
some  swelling  in  the  left  maxilla.  (A)  Panoramic  view  shows  a  collec¬ 
tion  of  toothlike  structures  (arrow).  (B)  Clinical  photograph  shows 


some  swelling  of  the  alveolar  process  (arrow).  (C,  D,  E)  Axial  CBCT 
images  show  multiple  toothlike  structures  in  the  mandible  with  enamel, 
dentin,  and  pulp  densities  surrounded  by  a  thin  radiolucent  zone  (arrow) 


Fig.  15.19  Osteoma,  frontal  sinus;  9-year-old  male  with  incidental 
finding.  Lateral  cephalogram  shows  well-defined,  homogeneous  bone 
structure  with  cortical  density  (arrow) 
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Fig.  15.20  Fibrous  dysplasia,  maxilla;  51 -year-old  female  with  inci¬ 
dental  finding.  (A)  Panoramic  view  shows  radiopacity  in  the  left  maxil¬ 
lary  sinus  0 arrowhead ).  (B)  Axial,  (C)  coronal,  and  (D)  sagittal  CBCT 


images  show  well-defined,  heterogeneous  radiopacity  expanding  the 
maxillary  bone  into  the  sinus  (< arrowhead) 


Fig.  15.21  Keratocystic  odontogenic  tumor  (odontogenic  kerato- 
cyst),  mandible;  28-year-old  male  with  some  swelling  in  the  right  pos¬ 
terior  mandible.  (A)  Panoramic  view  shows  well-defined  radiolucency, 
partially  corticated,  in  the  right  mandibular  ramus  (arrow)  with  the 
mandibular  canal  displaced  to  periphery  of  process.  (B)  Axial,  (C) 


axial  (with  cursor  lines),  (D)  coronal,  and  (E)  oblique  sagittal  CBCT 
images  show  well-defined  process  with  limited  buccolingual  expan¬ 
sion  of  the  mandible  (arrow),  thinned  corticated  outline  mostly  intact 
but  also  with  defects  (arrowheads).  No  evident  root  resorption 
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Fig.  15.22  Idiopathic  osteosclerosis  and  root  resorption,  mandible; 
27-year-old  female  with  pain  from  the  first  molar.  (A)  Axial  (with  cur¬ 
sor  lines),  (B)  oblique  sagittal,  and  (C)  oblique  coronal  CBCT  images 


show  well-defined,  homogeneous  radiopacity  {asterisk)  without  bone 
expansion  but  with  extensive  resorption  of  mesial  root  of  the  first  molar 
{arrow)  (courtesy  of  Dr.  B.  K.  Brevik,  Trondheim,  Norway) 


1 5.5  Malignant  Tumors  in  Jaws 

Figs.  15.23,  15.24,  15.25,  15.26,  and  15.27 
See  Chap.  4 


Fig.  15.23  Ewing  sarcoma,  mandible;  17-year-old  female  with  mass  in  the  anterior  part  of  the  mandible.  Two  axial  CBCT  images  show  severe 
bone  destruction  in  the  anterior  mandible  {arrow).  For  more  examinations  and  diagnostic  information  of  this  patient,  see  Fig.  4.31 


15.5  Malignant  Tumors  in  Jaws 
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Fig.  15.24  Multiple  myeloma  and  medication-related  osteonecrosis, 
mandible;  72-year-old  male  (on  antiresorptive  therapy)  with  failing 
healing  after  tooth  extraction  in  the  right  mandible.  (A)  Panoramic  view 
shows  non-healed  tooth  socket  ( arrowhead)  and  multiple  small 


punched-out  radiolucencies  in  the  mandible  (some  indicated  by 
arrows).  (B)  Frontal  skull  view  shows  multiple  small  punched-out 
radiolucencies  in  the  skull  (some  indicated  by  arrows) 


Fig.  1 5.25  Multiple  myeloma,  mandible;  62-year-old  female,  known  extensive  and  ill-defined  destruction  {asterisks),  displacement  of  teeth 
widespread  disease,  now  with  discomfort  with  bite  (dental  occlusion)  with  “floating-teeth”  appearance,  and  no  evident  root  resorption  (cour- 
and  facial  asymmetry  having  developed  during  the  last  3  months.  (A)  tesy  of  Dr.  S.  Steinsvoll,  Raufoss,  Norway) 

Panoramic,  (B)  axial,  (C)  sagittal,  and  (D)  3D  CBCT  images  show 
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Fig.  15.26  Chondrosarcoma,  maxilla;  53-year-old  male  with  firm, 
painless  swelling  in  the  front  region  of  the  maxilla,  normal  mucosa,  and 
vital  incisors.  No  pathologic  findings  on  intraoral  and  panoramic  views. 
(A,  B,  C)  Axial  and  (D,  E,  F)  sagittal  CBCT  images  show  crescent¬ 


shaped  bone  apposition  (arrow)  and  bone  destruction  (arrowhead)  buc- 
cally  to  incisors  (courtesy  of  Competence  Centre  of  the  Dental  Health 
Service,  Region  North,  Tromsp,  Norway) 


Fig.  15  .27  Prostatic  cancer  metastasis,  temporomandibular  joint; 
57-year-old  male  with  known  disease  and  skeletal  metastases.  At  base¬ 
line  (A)  Panoramic  view  shows  dentition  and  jaw  bone  without  patho¬ 
logic  findings.  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D)  oblique 
sagittal,  and  (E)  coronal  CBCT  images  show  periosteal  bone  apposition 
of  the  left  mandibular  condyle  (arrow)  and  bone  destruction 


(arrowhead).  About  1  year  and  6  months  later,  (F)  axial,  (G)  oblique 
sagittal,  and  (H)  oblique  coronal  CBCT  images  continue  to  show 
destructive  changes  (arrowhead),  the  condylar  head  and  collum  have 
become  sclerotic  (asterisks),  and  periosteal  bone  apposition  has  become 
more  evident  and  solid  (arrow) 


15.6  Jaw  Infections 
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15.6  Jaw  Infections 

Figs.  15.28,  15.29,  15.30,  15.31,  15.32,  15.33,  and  15.34 
See  Chap.  5 


Fig.  15.28  Osteomyelitis  with  sequestration,  maxilla;  54-year-old 
female  with  fistula  and  pus  from  the  front  region  of  the  upper  jaw  (lat¬ 
eral  incisor).  (A)  Panoramic  view  shows  diffuse  bone  destruction 
(arrow).  (B,  C)  Axial,  (D)  coronal,  and  (E)  sagittal  CBCT  images  show 


diffuse  destruction  in  the  anterior  maxilla  (arrow),  separate  bone  frag¬ 
ment  consistent  with  sequestrum  (white  arrowhead),  and  fractured  root 
of  central  incisor  (black  arrowhead) 
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Fig.  1 5.29  Osteomyelitis/osteitis,  mandible;  56-year-old  female  with 
loose  front  teeth  in  the  lower  jaw.  (A)  Panoramic  view  shows  diffuse 
bone  destruction  (arrow).  (B)  Axial,  (C)  coronal,  and  (D)  sagittal 


CBCT  images  show  periapical  bone  destruction  (arrow),  no  periodontal 
bone  support  buccally,  and  minimal  periodontal  bone  support  lingually 
(arrowhead) 


Fig.  1 5.30  Osteomyelitis/osteitis,  mandible;  48-year-old  female  with  D,  E)  Axial  CBCT  images  show  lingual  bone  destruction  from  the  inci- 
fistula  and  pus  from  the  right  mandible.  (A)  Panoramic  view  shows  sors  to  the  remaining  molar  (arrow) 
bone  destruction  from  the  remaining  molar  to  incisors  (arrows).  (B,  C, 
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Fig.  15.31  Osteomyelitis/osteitis,  mandible;  11 -year-old  female  with 
loose,  vital  incisors  and  some  discomfort  in  anterior  mandible.  Clinical 
suspicion  of  giant  cell  granuloma  but  histology  shows  infection.  (A) 
Clinical  photograph  shows  normal  mucosa.  (B)  Intraoral  and  (C)  pan¬ 
oramic  views  show  bone  destruction,  diffusely  outlined  (arrow).  Three 


incisors  have  severe  loss  of  periodontal  bone  support,  one  in  particular 
with  floating-tooth  appearance.  The  central  incisors  seem  to  be  dis¬ 
placed.  (D,  E,  F)  Axial,  (G)  axial  (with  cursor  lines),  (H)  coronal,  and 
(I)  sagittal  CBCT  images  show  ill-defined  bone  destruction  in  the  ante¬ 
rior  mandible  (arrow),  with  minimal,  if  any,  bone  expansion 


Fig.  1 5.32  Osteomyelitis  with  periosteal  reaction,  mandible;  40-year- 
old  male  with  variable  pain/swelling  for  about  1  month  and  pus  evacu¬ 
ated  from  the  first  molar.  (A)  Intraoral  view  shows  ill-defined  periapical 
radiolucency  (arrow)  with  endodontic  material.  (B)  Oblique  sagittal 


CBCT  image  confirms  ill-defined  bone  destruction  with  endodontic 
material.  (C)  Oblique  coronal  and  (D)  axial  CBCT  images  show  perios¬ 
teal  apposition  buccally  (black  arrow),  almost  at  mandibular  canal  level 
(arrowhead),  and  bone  destruction  buccal  to  mesial  root 
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Fig.  15  .33  Osteomyelitis  with  sequestration,  mandible;  70-year-old 
male  with  ulcerated  mucosa  of  the  right  mandibular  torus  for  about 
3  weeks  but  no  other  discomfort.  Clinical  suspicion  of  malignancy  but 
histology  shows  infection.  (A)  Panoramic  view  shows  bilateral  radi- 
opacities  in  the  mandible  ( asterisks )  consistent  with  mandibular  torus 


but  no  obvious  bone  pathology;  see  the  right  mandible  (arrows).  (B,  C, 
D,  E)  Axial  and  (F,  G,  H,  I)  coronal  CBCT  images  show  diffuse 
destruction  of  the  cortical  and  cancellous  bone  in  the  right  mandibular 
torus  and  body  (arrows),  with  sequestration 


Fig.  15.34  Medication-related  osteonecrosis,  mandible;  78-year-old 
female  on  intravenous  antiresorptive  therapy  for  about  2  years  due  to  mul¬ 
tiple  myeloma.  (A)  Panoramic  view  shows  bone  destruction  (arrow).  (B, 
C,  D,  E)  Axial  CBCT  images  show  destruction  through  the  mandible,  buc¬ 


cal  to  lingual,  with  sequestration  mainly  on  the  lingual  side  (arrow).  (F) 
Axial  (with  cursor  lines),  (G)  coronal,  (H)  oblique  sagittal,  and  (I)  coronal 
(more  distal  than  (G))  CBCT  images  confirm  destruction  and  sequestra¬ 
tion  and  additionally  show  sclerosis  through  the  mandible  (arrowhead) 


15.7  Temporomandibular  Joints 
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1 5.7  Temporomandibular  Joints 

Figs.  15.35,  15.36,  15.37,  15.38,  15.39,  15.40,  15.41,  15.42, 
and  15.43 

See  Chap.  6 


Fig.  15  .35  Normal  bone;  63-year-old  female  with  hand  osteoarthritis  (participant  in  research  project)  without  TMJ  symptoms.  (A)  Axial  (with 
cursor  lines),  (B)  oblique  sagittal,  and  (C)  oblique  coronal  CBCT  images  show  normal  cortical  and  cancellous  bone 
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Fig.  15.36  Osteoarthritis;  71 -year-old  female  with  hand  osteoarthritis 
(participant  in  research  project)  without  TMJ  symptoms.  (A)  Panoramic 
view  suggests  radiopacity  in  the  left  condyle.  (B)  Oblique  sagittal 
CBCT  image  of  same  patient  shows  condylar  osteophyte/sclerosis 
(arrow).  (C)  Oblique  sagittal  CBCT  image  of  another  patient  shows 


more  severe  condylar  osteophyte/sclerosis.  (D)  Oblique  sagittal  CBCT 
image  of  a  third  patient  shows  extensive  osteoarthritis  with  large  osteo¬ 
phyte,  erosion,  and  subcortical  cyst  (arrowhead)  in  the  condyle. 
Temporal  bone  has  rather  flat  articular  eminence,  irregular  joint  surface, 
and  subcortical  cyst 


Fig.  15.37  Osteoarthritis,  soft-tissue  calcifications  (probably  due  to 
injected  steroid);  35-year-old  female  with  severe  TMJ  pain.  (A) 
Panoramic  view  and  (B,  C)  oblique  sagittal  images  show  small  osteo¬ 
phyte  (arrow)  of  the  right  condyle  (A,  B)  and  normal  left  condyle  (C). 


About  1  year  and  11  months  after  arthrocentesis  with  steroid  injection 
in  the  right  joint  (D,  E,  F,  G)  oblique  sagittal  CBCT  images  show  pro¬ 
nounced  soft-tissue  calcifications 


15.7  Temporomandibular  Joints 
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Fig.  15.38  Juvenile  osteoarthritis,  12-year-old  female  with  variable  sagittal,  and  (E)  oblique  coronal  CBCT  images  show  erosive  changes 
pain  and  locking,  right  TMJ.  (A)  Panoramic  view  suggests  flattening  of  of  the  right  condyle  (arrow) 
the  right  condyle.  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D)  oblique 


Fig.  15.39  Rheumatoid  arthritis;  59-year-old  female  with  variable  images  show  punched-out  destruction  (arrow)  in  the  right  condyle  with 
right-sided  TMJ  pain  and  mouth-opening  problems.  (A)  Panoramic  sclerosis  (arrowhead) 
view  and  (B)  axial,  (C)  oblique  sagittal,  and  (D)  oblique  coronal  CBCT 
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Fig.  1 5.40  Juvenile  idiopathic  arthritis;  15-year-old  female  with  facial 
asymmetry  but  no  symptoms  or  other  clinical  signs.  (A)  Lateral  cepha- 
logram  shows  asymmetric  mandibular  growth  (due  to  unilateral  TMJ 
involvement),  but  normal  facial  profile.  (B)  Oblique  sagittal  CBCT 


image  shows  abnormal  right  TMJ  with  rather  flat  condyle  {asterisk) 
without  erosion  and  rather  flat  fossa/eminence  (arrow),  consistent  with 
TMJ  arthritis  sequel.  (C)  Oblique  sagittal  CBCT  image  shows  normal 
contralateral  joint 


Fig.  15.41  Juvenile  idiopathic  arthritis;  17-year-old  female  with  vari-  mal  right  TMJ  with  rather  flat  condyle  (asterisk)  and  rather  flat  fossa/ 
able  jaw  pain  and  mouth-opening  problems.  (A)  Panoramic  view  and  eminence  (arrow)  without  erosion.  (D)  Oblique  sagittal  and  (E)  oblique 
(B)  oblique  coronal  and  (C)  oblique  sagittal  CBCT  images  show  abnor-  coronal  CBCT  images  show  normal  contralateral  joint 


15.7  Temporomandibular  Joints 
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Fig.  15.42  Juvenile  idiopathic  arthritis,  soft-tissue  calcifications 
(probably  due  to  injected  steroid);  female  (followed  from  9  to  17  years 
of  age)  who,  at  age  14,  developed  severe  TMJ  pain  and  severely 
impaired  mouth-opening  capacity  (20  mm).  At  age  9,  (A)  panoramic 
view  shows  apparently  normal  condyles.  At  age  14,  (B)  oblique  sagittal 
T1 -weighted,  (C)  T2- weighted,  and  (D)  open-mouth  MRI  show  normal 
bone  of  condyle  {asterisk),  severely  impaired  condylar  translation,  dis¬ 


placed  disc  also  at  open  mouth  (arrow),  and  joint  effusion/synovitis 
(arrowheads)  in  the  left  joint.  At  age  17  (steroid  injections  performed  6 
and  4  months  before),  (E)  panoramic  view  and  (F,  G)  oblique  sagittal 
CBCT  images  show  flattened/destroyed  condyle  and  eminence  and  evi¬ 
dent  soft-tissue  calcifications  (arrowhead).  (H)  Oblique  sagittal  CBCT 
image  shows  normal  right  joint  (no  steroid  injection) 
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Fig.  15.43  Osteochondroma  (most  probable);  26-year-old  female  with  some  jaw  asymmetry.  (A)  Axial,  (B)  axial  (with  cursor  lines),  (C)  oblique 
sagittal,  and  (D)  oblique  coronal  CBCT  images  show  condylar  hyperplasia  with  irregular  outline  (arrow) 
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1 5.8  Teeth  and  Dental  Implants  1 5.8.1  Impacted  Wisdom  Teeth 

See  Chap.  7  Figs.  15.44,  15.45,  15.46,  15.47,  15.48,  15.49,  and  15.50 


Fig.  15.44  Wisdom  tooth  and  its  relation  to  the  mandibular  canal; 
asymptomatic  31 -year-old  female.  (A)  Panoramic  view  shows  the  man¬ 
dibular  canal  superimposed  on  wisdom  tooth  root  (arrow).  (B)  Axial 
(with  cursor  line)  and  (C)  oblique  sagittal  CBCT  images  show  the  man¬ 


dibular  canal  (arrow)  located  buccally  to  wisdom  tooth  root.  (D)  Axial 
(with  cursor  line)  and  (E)  oblique  sagittal  CBCT  images  show  acces¬ 
sory  vertical  canal  (arrowhead) 


Fig.  15.45  Wisdom  tooth  and  its  relation  to  the  mandibular  canal;  (C)  axial  (with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coro- 
asymptomatic  30-year-old  female.  (A)  Panoramic  view  shows  the  man-  nal  CBCT  images  show  the  mandibular  canal  (arrow)  located  lingually 
dibular  canal  superimposed  on  wisdom  tooth  root  (arrow).  (B)  Axial,  and  close  to  wisdom  tooth  root 
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15  Cone  Beam  Computed  Tomography 


Fig.  1 5.46  Wisdom  tooth  and  its  relation  to  mandibular  canal;  asymp¬ 
tomatic  25-year-old  male.  (A)  Panoramic  view  shows  the  mandibular 
canal  superimposed  on  wisdom  tooth  root  (arrow).  (B)  Axial,  (C)  axial 


(with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coronal  CBCT 
images  show  the  mandibular  canal  penetrating  the  root  complex  (arrow) 


Fig.  15.47  Wisdom  tooth  and  its  relation  to  the  mandibular  canal; 
24-year-old  female  with  episodes  of  wisdom  tooth  pericoronitis.  (A) 
Panoramic  view  indicates  complicated  root  anatomy  (arrow).  (B)  Axial, 
(C)  axial  (with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coro¬ 


nal  CBCT  images  show  complicated  root  anatomy  (arrow)  and  the 
mandibular  canal  closely  located  to  the  root  complex  (arrowhead).  (F) 
Panoramic  view  shows  the  remaining  root  complex  (arrow)  after  sur¬ 
gery  (coronectomy) 
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Fig.  1 5.48  Wisdom  teeth  with  root  resorption  of  the  neighboring  teeth, 
mandible,  and  maxilla;  asymptomatic  18-year-old  female.  (A) 
Panoramic  view  shows  overlapping  of  wisdom  tooth  and  the  second 
molar  in  the  right  maxilla  and  right  mandible,  with  suspicion  of  root 


resorption,  particularly  in  the  maxilla  (arrow).  (B)  Axial,  (C)  axial 
(with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  coronal  CBCT  images 
show  root  resorption  (arrows)  in  the  maxilla  and  mandible  (second 
molars);  most  extensive  in  the  maxilla 


Fig.  1 5.49  Wisdom  tooth  with  root  resorption  of  the  neighboring  tooth 
and  associated  osteomyelitis,  mandible;  38-year-old  male  with  pain  in 
the  left  mandible.  (A)  Panoramic  view  shows  pericoronal  radiolucency 
around  impacted  wisdom  tooth  and  root  resorption  of  the  second  molar 
(arrow).  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D)  oblique  sagittal, 
and  (E)  oblique  coronal  CBCT  images  show  periapical  radiolucency 


(second  molar)  and  pericoronal  radiolucency  (wisdom  tooth),  extensive 
root  resorption  of  the  second  molar  (arrow),  and  sclerosis  throughout 
the  mandible  (arrowhead),  consistent  with  infected  follicular  cyst  and 
resultant  osteomyelitis.  Note  root  resorption  of  the  second  molar  in  the 
left  maxilla  due  to  impacted  wisdom  tooth 
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15  Cone  Beam  Computed  Tomography 


Fig.  15.50  Postoperative  condition  after  removal  of  wisdom  tooth, 
mandible,  with  question  about  remaining  root;  22-year-old  female  with 
immediate  postoperative  imaging.  (A)  Panoramic  view  suggests  possi¬ 
bility  of  remaining  root  (arrow).  (B,  C,  D,  E)  Axial  CBCT  images  show 


1 5.8.2  Other  Impacted  Teeth 

Figs.  15.51,  15.52,  15.53,  15.54,  15.55,  15.56,  15.57,  15.58, 
and  15.59 


bone  and/or  root  fragments  displaced  lingually  to  the  mandible  (arrow) 
and  fragmented  lingual  cortical  plate  (arrowhead).  Note  also  air  in  soft 
tissue 


Fig.  15.51  Canine,  maxilla;  asymptomatic  18-year-old  male.  (A)  oblique  sagittal,  and  E  sagittal  CBCT  images  show  impacted  canine 

Panoramic  view  shows  the  right  maxillary  canine  (asterisk)  superim-  (asterisk)  without  resorption  of  the  neighboring  teeth 

posed  on  roots  of  incisors.  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D) 
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Fig.  15.52  Premolar,  maxilla;  asymptomatic  13-year-old  male.  (A) 
Panoramic  view  shows  impacted  premolar  {asterisk).  (B)  Axial,  (C) 
axial  (with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coronal 


CBCT  images  show  impacted  premolar  {asterisk)  without  resorption  of 
the  neighboring  teeth 


Fig.  1 5.53  Supernumerary  tooth  (distodens),  maxilla;  asymptomatic 
male  at  10  (A)  and  14  years  of  age  (B,  C,  D,  E).  (A)  Panoramic  view 
shows  impacted  toothlike  structure  in  the  left  maxilla  {arrow).  (B) 


Axial,  (C)  axial  (with  cursor  lines),  (D)  sagittal,  and  (E)  Coronal  CBCT 
images  show  three-rooted  impacted  tooth  {arrow)  without  resorbing 
adjacent  teeth 
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15  Cone  Beam  Computed  Tomography 


Fig.  15.54  Supernumerary  tooth  (mesiodens),  maxilla;  8-year-old 
male  with  incidental  finding.  (A)  Axial  CBCT  image  shows  mesiodens 
(arrow)  in  palatal  position  and  close  to  but  not  in  contact  with  the  per¬ 
manent  incisor.  (B)  Three  image  planes  indicated  by  different  colors. 


(C)  Coronal  CBCT  image  shows  inverted  mesiodens  (arrow).  (D) 
Sagittal  CBCT  image  shows  inverted  mesiodens  at  apex  level  of  the 
permanent  incisor  (arrow)  (courtesy  of  Dr.  K.  Honda,  Nihon  University 
School  of  Dentistry,  Tokyo,  Japan) 


Fig.  15.55  Supernumerary  tooth  (mesiodens),  maxilla;  asymptomatic  to  the  remaining  deciduous  central  incisor  (arrow)  and  caudally  to  the 
8-year-old  female.  (A)  Axial,  (B)  axial  (with  cursor  line),  (C)  oblique  horizontally  impacted  central  incisor  (arrowhead) 
sagittal,  and  (D)  3D  CBCT  images  show  mesiodens  (asterisk)  palatally 
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Fig.  15.56  Canine,  with  root  resorption  of  the  central  incisor,  maxilla; 
asymptomatic  12-year-old  male.  (A)  Panoramic  view  shows  ectopically 
located  canine  ( asterisk )  and  severe  root  resorption  of  the  right  central 
incisor  (arrow).  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D)  sagittal, 


and  (E)  coronal  CBCT  images  show  severe  root  resorption  particularly 
of  the  central  incisor  (arrow)  but  also  of  the  lateral  incisor  and  almost 
horizontally  located  impacted  canine  (asterisk) 


Fig.  15.57  Premolar  with  root  resorption  of  the  neighboring  tooth, 
mandible;  asymptomatic  20-year-old  male.  (A)  Panoramic  view  shows 
impacted  premolar  and  impacted  canine  (asterisks).  (B)  Axial,  (C)  axial 


(with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coronal  CBCT 
images  show  evident  resorption  (arrow)  of  the  neighboring  tooth  (first 
molar)  due  to  the  impacted  premolar 
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15  Cone  Beam  Computed  Tomography 


Fig.  15.58  First  molar  not  erupted,  mandible;  8-year-old  male.  (A) 
Panoramic  view  shows  the  impacted  molar  {asterisk)  located  in  the  cor¬ 
tex  of  the  inferior  mandibular  border  with  about  90°  angulation  of 
mesial  root  (arrow).  (B)  Axial  (with  cursor  lines),  (C)  oblique  coronal, 
and  (D,  E)  oblique  sagittal  CBCT  images  show  the  impacted  molar 


with  about  90°  angulation  of  the  distal  root  (arrow)  located  in  the  cortex 
of  the  inferior  mandibular  border.  Note  crown  resorption  of  impacted 
molar  (arrowhead),  apparently  with  ingrowth  of  bone  (replacement 
resorption)  and  mesial  tipping  of  the  second  molar.  Mandibular  canal 
located  in  a  lingual  groove  of  the  impacted  molar 


Fig.  15.59  First  molar  not  erupted,  mandible;  10-year-old  male.  (A)  (with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  coronal  CBCT  images 
Panoramic  view  shows  impacted  first  molar  (asterisk)  with  apices  in  the  show  cervical  resorption  with  ingrowth  of  bone  in  the  impacted  molar 
cortical  bone  of  the  inferior  mandibular  border.  (B)  Axial,  (C)  axial  (arrow) 
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1 5.8.3  Dental  Anomalies/Malformations 

Figs.  15.60,  15.61,  15.62,  15.63,  15.64,  15.65,  15.66,  and  15.67 


Fig.  15.60  Hypercementosis,  impacted  wisdom  tooth,  mandible;  mally  increased  amount  of  the  cementum  (arrows).  Note  periodontal 
37-year-old  male  with  episodes  of  pericoronitis  of  right  wisdom  tooth.  membrane  surrounding  the  cementum 
(A)  Panoramic  view  and  (B)  oblique  sagittal  CBCT  image  show  abnor- 


Fig.  15.61  “Double  tooth,”  maxilla;  9-year-old  female.  (A)  Panoramic  view  suggests  double  lateral  incisor  (arrow).  (B,  C,  D,  E)  Axial  and  (F, 
G,  H,  I)  oblique  sagittal  CBCT  images  probably  show  gemination  and  not  fusion  of  incisors  (arrow) 
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15  Cone  Beam  Computed  Tomography 


Fig.  15.62  “Double  tooth,”  mandible;  15-year-old  female.  (A)  Panoramic  view  suggests  “double  molar”  (arrow).  (B)  3D  and  (C,  D,  E,  F)  axial 
CBCT  images  show  complete  fusion  (crown  and  root)  of  the  second  and  third  molars  (arrow) 


Fig.  15  .63  Enamel  evagination  (dens  evaginatus,  talon  cusp;  additional  cusp  or  tubercle),  left  central  incisor,  maxilla;  11 -year-old  female.  (A) 
Axial,  (B)  axial  (more  cranial),  (C)  axial  (with  cursor  line),  and  (D)  oblique  sagittal  CBCT  images  show  cusp  or  tubercle  with  pulp  horn  (arrow) 
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Fig.  15.64  Enamel  invagination  (dens  invaginatus),  lateral  incisor, 
maxilla;  10-year-old  male.  (A)  Panoramic  view  and  (B)  axial,  (C)  axial 
(with  cursor  lines),  (D)  oblique  sagittal,  and  (E)  oblique  coronal  CBCT 


images  show  toothlike  structure  (arrow)  inside  the  lateral  incisor  almost 
to  the  apex  (Oehlers  type  3),  with  centrally  located  enamel.  Note  peri¬ 
apical  radiolucency 


Fig.  15.65  Foramen  cecum,  lateral  incisor  and  odontoma,  maxilla; 
12-year-old  female  with  incidental  finding.  (A)  Axial,  (B)  axial  (with 
cursor  lines),  (C)  oblique  sagittal,  and  (D)  coronal  CBCT  images  show 


the  foramen  cecum  (arrow)  of  the  lateral  incisor  and  complex/com¬ 
pound  odontoma  (arrowhead)  located  palatally  to  the  lateral  incisor  and 
displaced  central  incisor 
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15  Cone  Beam  Computed  Tomography 


Fig.  15.66  Internal  and  external  resorption,  central  incisor,  maxilla; 
18-year-old  female  with  one  central  incisor  in  infraposition  compared 
to  other  central  incisors;  see  (A)  intraoral  photograph.  (B)  Intraoral 
view  shows  abnormal  root  structure  (arrow)  and  obliterated  crown. 
Note  inverted  mesiodens  (arrowhead).  (C,  D)  Coronal,  (E,  F)  sagittal, 


and  (G,  H)  axial  CBCT  images  show  open-rooted  (arrow)  left  central 
incisor  with  internal  resorption  (asterisk)  and  resorption  with  commu¬ 
nication  to  periodontal  ligament  (arrowhead),  suggesting  ankylosis. 
Mesiodens  with  crown  resorption  (black  arrowhead) 


Fig.  15.67  Pulp  stones,  mandible;  15-year-old  male.  (A)  Intraoral 
view  shows  pulp  chamber  radiopacities  in  mandibular  molar  teeth.  (B, 
C)  Axial  and  (D)  oblique  sagittal  CBCT  images  show  multiple 


radiopacities  in  the  first  and  second  molars,  consistent  with  pulp  stones 
or  pulpal  sclerosis  (arrows) 


15.8.4  Dental  Implants 

Figs.  15.68,  15.69,  15.70,  15.71,  15.72,  and  15.73 


Fig.  15.68  Pre-implant  imaging,  maxilla;  50-year-old  female.  (A)  CBCT  image  shows  acceptable  height  of  edentulous  alveolar  ridge. 
Axial  CBCT  image  shows  acceptable  width  of  edentulous  alveolar  (D)  Alveolar  ridge  dimensions:  same  height  and  width  (courtesy  of 
ridge.  (B)  Three  image  planes  indicated  by  different  colors.  (C)  Sagittal  Dr.  K.  Honda,  Nihon  University  School  of  Dentistry,  Tokyo,  Japan) 
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Fig.  15.69  Pre-implant  imaging,  maxilla;  17-year-old  male  with 
hypodontia  in  need  of  dental  implants  in  the  maxilla.  (A)  Panoramic 
view  does  not  suggest  great  variation  in  bucco-palatal  alveolar  bone 
dimension  in  the  anterior  maxilla  ( asterisks ).  (B)  Axial  (with  cursor 


line),  (C)  oblique  sagittal,  (D)  axial  (with  cursor  line),  and  (E)  oblique 
coronal  CBCT  images  show  great  variation  in  bucco-palatal  dimension 
of  the  alveolar  bone  (arrow),  but  satisfactory  dimension  in  planned 
implant  site  (E)  (similar  dimensions  in  contralateral  site) 


Fig.  15.70  Pre-implant  imaging,  maxilla;  19-year-old  female  with 
impacted  right  canine  surgically  removed  about  10  months  earlier.  (A) 
Panoramic  and  (B,  C)  intraoral  views  indicate  less  mineralized  bone  at 
planned  implant  site  (arrow).  (D)  Axial,  (E)  axial  (with  cursor  line), 


and  (F)  oblique  coronal  CBCT  images  show  lack  of  bone  on  the  palatal 
side  and  narrow  defect  through  alveolar  ridge  (arrow),  not  shown  in 
panoramic  or  intraoral  views 
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15  Cone  Beam  Computed  Tomography 


Fig.  15.71  Presurgical  planning  (3D  simulation)  of  implants  (A-G) 
and  immediate  postoperative  result  (H),  maxilla;  73-year-old  male  with 
edentulous  upper  jaw.  Scanned  with  temporary  denture  in  place,  (A) 
panoramic,  (B)  coronal,  and  (C)  axial  CBCT  images  visualize  intended 
implant  sites  in  the  maxilla,  related  to  the  denture  ( asterisks ).  (D,  E,  F, 


G)  Temporary  denture  used  as  an  imaging/surgical  guide  for  implant 
placement.  (H)  Postoperative  panoramic  view  shows  placement  of 
implants  in  accordance  with  intended  sites;  compare  with  (A)  (A-G: 
courtesy  of  Dr.  H.  Skjerven,  Oslo,  Norway) 


Fig.  15.72  Postoperative  imaging,  maxilla;  63-year-old  male  with  sinus  lift  and  bone  graft.  (A)  Axial  and  (B)  sagittal  CBCT  images  show  one 
implant  correctly  inserted  in  graft,  whereas  the  other  {arrow)  is  not 


B 


.  .*  w 


Fig.  1 5.73  Postoperative  imaging,  mandible;  hard  swelling  (implant) 
palpated  lingually.  (A)  Intraoral  view  shows  implant  in  intimate  rela¬ 
tionship  to  the  neighboring  tooth  (arrow).  (B)  Axial,  (C)  coronal,  (D) 


sagittal,  and  (E)  3D  CBCT  images  show  implant  inserted  into  the 
neighboring  tooth  (arrow),  penetrating  cortical  bone  lingually 
(arrowhead) 


15.9  Facial  Traumas  and  Fractures 
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1 5.9  Facial  Traumas  and  Fractures 

Figs.  15.74,  15.75,  and  15.76 
See  Chap.  8 


Fig.  15.74  Injured  incisor,  dilaceration,  mandible;  8-year-old  female 
with  atypical  left  central  incisor  and  previous  trauma  to  the  region.  (A) 
Panoramic  view  shows  atypical  central  incisor  {asterisk).  (B)  Axial 


(with  cursor  lines),  (C)  sagittal,  and  (D)  coronal  CBCT  images  show 
crown  {asterisk)  displaced  in  relation  to  the  root 


Fig.  15.75  Mandibular  condyle  fractures,  intracapsular;  34-year-old 
male  with  pain  after  trauma  to  right  TMJ.  (A)  Axial,  (C)  sagittal,  and 
(D)  coronal  CBCT  images  show  fracture  lines  but  minimal  displace¬ 


ment  of  fragments  {arrows).  (B)  Three  image  planes  indicated  by  dif¬ 
ferent  colors  (courtesy  of  Dr  K.  Honda,  Nihon  University  School  of 
Dentistry,  Tokyo,  Japan) 
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Fig.  15.76  Mandibular  fracture  (pathologic);  73-year-old  male  on 
antiresorptive  treatment  with  mandibular  osteonecrosis.  (A)  Panoramic 
view  shows  destruction  and  sclerosis  in  the  right  mandible.  (B,  C,  D,  E, 
F,  G,  H,  I)  Axial  CBCT  images  confirm  destruction  and  sclerosis  and 
additionally  show  periosteal  bone  apposition  buccally  and  lingually 


(i arrows )  and  fracture  line  through  the  mandible  (arrowhead)  above 
level  of  the  mental  foramen.  (J)  Panoramic  view  6  months  later  shows 
fracture  throughout  the  mandible  with  displaced  bone  fragments  due  to 
unfavorable  fracture  line 


15.10  Facial  Growth  Disturbances 
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15.10  Facial  Growth  Disturbances 

Fig.  15.77 
See  Chap.  9 


Fig.  15.77  Facial  asymmetry;  7-year-old  male  with  underdevel¬ 
oped  right  mandible  and  impaired  mouth-opening  capacity  with 
deviation  on  opening  (probably  due  to  neonatal  fracture(s);  use  of 
forceps  during  delivery).  (A)  Panoramic  view  shows  underdevel¬ 
oped  right  mandible  with  short  condylar  process  and  enlarged  coro- 
noid  process  ( asterisk )  and  the  characteristic  appearance  of  a  partly 
opened  pair  of  scissors.  Note  impacted  first  molar.  (B)  Oblique 


sagittal  CBCT  image  (at  closed  mouth)  shows  abnormal  condylar 
process  (arrow)  located  anterior  to  flat  (underdeveloped)  articular 
eminence  ( arrowhead ).  (C)  Oblique  sagittal  CBCT  image  (lateral  to 
B)  shows  enlarged  coronoid  process  (asterisk)  and  flat  eminence/ 
fossa  (arrowhead).  (D)  Oblique  sagittal  CBCT  image  (at  closed 
mouth)  shows  normal  contralateral  joint.  Note  in  particular  the  well- 
developed  fossa/eminence 
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1 5.1 1  Paranasal  Sinuses 

Figs.  15.78  and  15.79 
See  Chap.  10 


Fig.  15.78  Mucosal 
maxillary  thickening; 
43-year-old  male  under  dental 
implant  treatment  with 
incidental  finding.  (A)  Axial, 
(B)  axial  (with  cursor  lines), 
(C,  D)  coronal,  and  (E,  F) 
panoramic  CBCT  images 
show  maxillary  mucosal 
thickening  bilaterally  (arrow) 
(courtesy  of  Drs.  S.  C.  White 
and  S.  T.  Tetradis,  UCLA 
School  of  Dentistry) 


15.11  Paranasal  Sinuses 
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Fig.  15.79  Odontogenic  sinusitis;  53-year-old  male  with  pain  from 
loose  molar  in  the  right  upper  jaw.  (A)  Panoramic  view  shows  radiopac- 
ity  of  the  right  maxillary  sinus  (arrow)  and  remaining  molar  with  lack 
of  periodontal  bone  support.  (B)  Axial,  (C)  axial  (with  cursor  lines),  (D) 
sagittal,  and  (E)  coronal  MDCT  images  show  radiopacity  in  the  entire 
right  maxillary  sinus  (asterisk),  radiopacity  in  almost  the  entire  ethmoid 


and  frontal  sinuses,  and  remaining  molar  with  apical  and  periodontal 
bone  destruction  (arrowhead).  After  extraction  of  the  molar  and  plenty 
of  pus  evacuated  from  the  maxillary  sinus,  (F)  axial,  (G)  axial  (with 
cursor  lines),  (H)  oblique  sagittal,  and  (I)  coronal  CBCT  images  show 
less  radiopacity  and  some  air  and  communication  between  maxillary 
sinus  and  tooth  socket  (arrowhead) 
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1 5.1 2  Maxillofacial  Soft  Tissues 

Fig.  15.80 
See  Chap.  11 


Fig.  1 5.80  Vascular  malformation,  mandible;  1 1 -year-old  female  with 
swelling  in  the  right  mandible  and  occasional  bleeding  from  gingiva. 
(A)  Clinical  photograph  shows  perimandibular  swelling  with  red  and 
bluish  oral  mucosa  {arrow).  (B)  Panoramic  view  shows  rather  well- 
defined  radiolucency,  partially  corticated  (arrow).  (C,  D,  E,  F)  Axial 


CBCT  images  show  canal-like  defects  in  the  mandibular  cortex  ( arrow¬ 
heads) ,  bone  destruction  (asterisk)  with  destroyed  or  thinned  cortical 
outline,  and  no  buccolingual  expansion.  Small-field  CBCT  volume 
does  not  cover  the  entire  area  of  bone  abnormalities;  for  supplementary 
examinations  and  diagnostic  information  of  this  patient,  see  Fig.  1 1.15 


Suggested  Reading 
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15.13  Salivary  Glands 

Fig.  15.81 
See  Chap.  12 


Fig.  15.81  Sialolithiasis,  submandibular  gland;  69-year-old  male  with 
minimal  symptoms.  (A)  Axial  CBCT  image  shows  calcified  structure 
(arrow)  in  submandibular  area.  (B)  Corresponding  US  image  shows 
total  reflection  with  posterior  acoustic  shadowing  (backshadow)  (aster- 
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A 

Abscess,  179 
in  cheek,  211 
hypopharynx,  462 

intracranial,  mastoiditis  with,  476-477 
jaw  infections,  209-211 
maxillofacial  soft  tissues,  385-386 
parapharyngeal,  210,  211 
parenchymal,  476 
submandibular,  209 
thyroid,  462-463 
Absolute  alcohol,  509,  510 
Achondroplasia,  339-341 
Acinic  cell  carcinomas,  440 
Acrocephalosyndactyly  types,  338 
Acute  leukemias,  155 
Acute  rhinosinusitis,  349-351 
Adenocarcinoma,  441-442 
Adenoidal  tissue  (nasopharyngeal  tonsil),  4 
Adenoid  cystic  carcinoma 

malignant  tumors  in  jaws,  141-144 
mandible,  142-143 
maxilla,  144 

maxillofacial  soft  tissues,  409 
salivary  glands,  442-443 
Adipose  tumor.  See  Lipoma 
African  jaw  lymphoma,  145 
AIDS,  428 
Alcohol,  509,  510 
Allergic  sinusitis,  352 
Alveolar  process,  279 
Alveolar  recess  of  maxillary  sinus,  4,  8 
Ameloblastoma 

desmoplastic  type,  71,  81-83 
extraosseous,  83 
mandible,  83 
recurrence,  84-86 

solid/multicystic  type,  72-74,  76,  84 
mandible,  72-77 
maxilla,  72 

unicystic  type,  71,  77-79 
Aneurysmal  bone  cavity,  99-102 
Aneurysmal  bone  cyst,  99-102 
Ankyloses,  247-250 
Ankylosing  spondylitis,  238 
Anterior  band  of  articular  disc,  17-21 
Anterior  belly  of  digastric  muscle,  4 
Anterior  bite  opening,  237 
Anterior  disc  displacement 
and  bone  marrow  edema,  221 
with  joint  effusion,  220 


with  lateral  disc  displacement,  216without  lateral  disc 
displacement,  216 
Anterior  fontanelle,  1 ,  2 
Anterior  nasal  spine,  1-4,  8 
Anterolateral  fontanelle,  1-3 

Antiresorptive  therapy-related  osteonecrosis.,  198-208 
Apert  syndrome,  338 

Apical  periodontal  cyst.  See  Periapical  cyst 

Apical  periodontitis,  179,  277 

Arthritides,  239-244 

Arthrosis  deformans  juveniles,  224,  253 

Articular  disc,  17,  18 

Articular  tubercle  (eminence),  17,  18,  20 

Artificial  bone  chips,  283 

Atrophy 

maxillofacial  soft  tissues,  387-390 
medial  and  lateral  pterygoid  muscles,  409 
muscles,  405 
parenchyma,  417 

Autopsy  specimen,  215,  217,  219,  238 
Avascular  necrosis,  234 

Axial  Tl-and  T2-weighted  MRI,  normal  anatomy  of  face,  14-15 


Bacterial  infection 
meningitis,  380 
recurrent,  413 
rhinosinusitis,  349 
sinusitis,  349 
Ballooning,  99,  502,  504 
B-cell  lymphoma 
mandible,  148-149 
maxilla,  146-148 

Benign  jaw  tumors  and  tumorlike  conditions 
Ewing  sarcoma,  528 
fibro-osseous  lesion,  522 
fibrous  dysplasia,  528 
focal  osseous  dysplasia,  522 
idiopathic  osteosclerosis,  523,  528 
keratocystic  odontogenic  tumor,  528 
odontoma,  525-527 
osteoma,  527 
torus  palatinus,  524 

Benign  lymphoepithelial  cysts  associated  with  HIV-AIDS,  428 
Benign  tumor 
jaws 

ameloblastoma,  71-86 
juvenile  ossifying  fibroma,  98-99 
keratocystic  odontogenic  tumor,  57-70 
lipoma,  87 
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Benign  tumor  ( cont .) 

odontogenic  fibroma  (central),  87-88 
odontogenic  myxofibroma,  88-89 
odontogenic  myxoma,  88-89 
ossifying  fibroma,  92-977 
osteoblastoma,  90-92 
maxillofacial  soft  tissues,  385,  387 
temporomandibular  joint 
osteochondroma,  263-264 
osteoma,  261 

sphenoid  meningioma,  262 
Benign  tumor-like  conditions 
aneurysmal  bone  cyst,  99-102 
central  giant  cell  granuloma,  103-106 
cherubism,  108-110 
exostoses,  121-123 
fibrous  dysplasia,  111-114 
idiopathic  osteosclerosis,  124-125 
Langerhans  cell  histiocytosis,  106-107 
odontoma,  126 
osseous  dysplasias,  115-118 
osteoma,  118-121 
Bifid  condyle,  254 
Biopsy 

clinical  features,  506 
definition,  506 
imaging  features,  506 
mass  around  mandibular  ramus,  bone,  508 
orbital  mass,  508 
parapharyngeal  mass,  506-507 
Bisphosphonate-related  necrosis,  198-208 
Blowout  fracture 
classic,  310 
definition,  310 
extensive,  311 
medial,  311 
Bone  cyst 

jaws  cysts,  520 
simple,  520 
Stafne,  521 

Bone  graft  from  chin,  283,  284 
Bone  marrow 

abnormalities,  234-237 
biopsies,  21 

edema,  217,  224,  229,  234 
sclerosis,  224 
Bony  ankylosis,  250 

Buccal  bifurcation  cyst.  See  Paradental  (mandibular  infected  buccal) 
cyst 

Buccal  space  fat,  4 

Buccinator  muscle,  4 

Burkitt’s  lymphoma,  145,  151,  473 


Cafe-au-lait  spots,  111 
Calcifications 
amorphous,  448 
maxillofacial  soft  tissues 
carotid  artery,  396 
lingual  tonsil,  396 
palatine  tonsil,  395 
retropharyngeal  tendinitis,  96 
Calcific  tendinitis  longus  colli,  448 

Calcium  pyrophosphate  dehydrate  crystal  deposition  disease 
(pseudogout),  255 


Canine 

maxilla,  543 

with  root  resorption,  547 
Carcinoma 

epidermoid,  129-136 
mucoepidermoid,  137-140 
mandible,  138-139 
maxilla,  140 

nevoid  basal  cell,  syndrome,  57 
primary  intraosseous,  130 
salivary  glands 
acinic  cell,  440 
mucoepidermoid,  439 
squamous  cell,  129-136 
Carotid 

aneurysm,  482 
artery,  512 

artery  calcification,  392 
bifurcation,  392 
canal,  4,  8 
sheath,  405 

Castleman’s  disease,  473-474 
Cat  scratch  disease,  473 
Cellulitis,  209 

Cementifying  fibroma.  See  Ossifying  fibroma 
Cemento-ossifying  fibroma.  See  Ossifying  fibroma 
Central  odontogenic  fibroma,  87-88 
Cervical  spine,  47 1 

cord  astrocytoma,  457 
fracture,  462 
meningioma,  459-460 
neurofibromatosis  type  1  (NF-1),  461 
teratoma,  456 

Cherubism,  108-110,  318-319 
Chiari  malformation,  453-454 
Choanae,  1,  2 
Choanal  atresia,  316-317 
Chondrocalcinosis,  255 
Chondrosarcoma,  164-165,  530 
Chordoma,  454-456 
Chronic  leukemias,  155 
Chronic  sinusitis,  352-354 
Clear-cell  carcinoma,  408 
Cleft  palate  and/or  cleft  lip,  313-316 
Clivus,  4,  8 

Common  cold,  349,  350 
Compound  type,  126 
Concha  bullosa,  4,  6 

Condylar  hyperplasia,  251,  252,  317-318 
Condylar  hypoplasia,  253 

Condylar  translation,  218,  221,  222,  229,  230,  232,  238 
Condyle 

deformed,  241 
destruction,  240 
fractures,  291 
Cone  beam 

CT  examination,  279 
CT  sections,  10-11 
3D  CT,  4 

Cone  beam  computed  tomography  (CBCT),  515 

Conventional/classic  intraosseous  ameloblastoma,  71 

Cord  compression,  extramedullary  cervical  lipoma  with,  458 

Coronal  suture,  1-3 

Coronoid  hyperplasia,  265 

Coronoid  process,  1-4,  8 

Craniocervical  junction 
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chordoma,  454-455 
rheumatoid  pannus,  451 
tuberculosis,  452 
Craniofacial  dysostoses,  336 
Craniofacial  fibrous  dysplasia,  111-114 
Craniopharyngioma,  483,  484 
Crista  galli,  4,  6 
Crouzon  syndrome,  336-337 
CSF  leakage,  380 
CT  sections 

bone  structures,  6-9 
soft  tissue  structures,  12-13 
Cyst,  179 

follicular,  37-43 
glandular  odontogenic,  44 
hemorrhagic,  45-5 1 
hemorrhagic  bone,  45-5 1 
incisive  canal,  36-37 
jaws 

bone  cyst,  520 

and  cyst-like  conditions,  516-521 
follicular,  518-519 
lateral  periodontal,  520 
paradental,  518 
periapical,  517 
possible  follicular,  519 
radicular,  516 
lateral  periodontal,  35-36 
mandible,  36 
maxilla,  35 

mandibular  infected  buccal,  30-34 
maxillofacial  soft  tissues 
clinical  features,  399 
definition,  399 
dermoid  cyst,  401 
imaging  features,  399 
thyroglossal  duct  cyst,  400 
nasopalatine  duct,  36-37 
paradental,  30-34 
periapical,  24-29 
mandible,  24 
maxilla,  25-29 
residual,  29 
retention,  54-55 
simple  bone,  45-5 1 
simple  (traumatic)  bone,  256 
solitary  bone,  45-5 1 
Stafne  bone,  52-53 
synovial,  256 
traumatic  bone,  45-5 1 
unicameral  bone,  45-5 1 
Cyst-like  conditions 
retention  cyst,  54-55 
simple  bone  cyst,  45-5 1 
Stafne  bone  cyst,  52-53 


D 

Dacryocystocele,  nasolacrimal  duct,  488,  490 
Degenerative  joint  disease.  See  Osteoarthritis 
Dehiscence,  387-390 
Dens  axis,  4 

Dense  bone  island,  124-125 

Dental  anomalies/malformations,  544,  549.  See  also  Teeth  and  dental 
implants 
Dental  caries,  179 


Dental  cyst.  See  Periapical  cyst 
Dental  implant 

complications,  285,  286 
preoperative  implant  imaging,  279 
surgery,  279 
DentaScan,  283 
program,  279 
reconstructions,  278 
Dentigerous  cyst.  See  Follicular  cyst 
Dermoid,  464-465,  488,  490 

Developmental  salivary  gland  defect.  See  Stafne  bone  cyst 
Dilaceration,  555 
Disc  displacement,  216,  240 
anterior,  216,  217,  220,  221 
lateral,  216,  218,  219 
medial,  216,  219 

non-reducing  disc  displacement,  223,  232,  233 
partial,  218,  222 
posterior,  216,  219 
pure  lateral,  216 
reducing  disc  displacement,  223 
Double  tooth 
mandible,  550 
maxilla,  549 

Down  syndromes,  327-328 


E 

Ectodermal  dysplasia,  343 
Effusion,  217 
Enamel  evagination,  550 
Enostosis,  124 

Eosinophilic  granuloma.  See  Langerhans  cell,  histiocytosis 
Epidermoid  carcinoma.  See  Squamous  cell  carcinoma 
Epiglottis,  4 

Epithelium-lined  cavity,  23 
Eruption  cyst,  37 
Erythroplakia,  130 
Ethmoid  adenocarcinoma,  371 
Ethmoid  sinus,  4,  6,  8 
foreign  body,  380 
Eustachian  tube,  4 
Ewing  sarcoma,  166-167 

benign  jaw  tumors  and  tumorlike  conditions,  528 
paranasal  sinuses,  374 
Exostoses,  121-123.  See  also  Osteoma 
multiple  exostoses,  123 
Expansile  odontogenic  conditions,  377-379 
External  auditory  canal,  1-4 
External  carotid  artery,  4 
External  jugular  vein,  4 

Extramedullary  cervical  lipoma  with  cord  compression,  458 
Extranodal  involvement,  145 

F 

Facial  asymmetry,  557 
Facial  growth  disturbances 
absent  zygomatic  arch,  345 
achondroplasia,  339-341 
Apert  syndrome,  338 
cherubism,  318-319 
choanal  atresia,  316-317 
common  cleft  palate  and/or  cleft  lip,  313-316 
condylar  hyperplasia,  317-318 
Crouzon  syndrome,  336-337 
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Facial  growth  disturbances  ( cont .) 

Down  syndromes,  327-328 

ectodermal  dysplasia,  343 

fibrous  dysplasia,  319-321 

Goldenhar  oculoauriculovertebral  spectrum,  331 

Goldenhar  syndrome,  331 

hemifacial  microsomia,  332-334 

isolated  disturbances,  313-316 

juvenile  idiopathic  (rheumatoid/chronic)  arthritis,  325-326 
mandibular  neck/TMJ  fracture/TMJ  infection  complication,  321-324 
micrognathia,  344,  346 

non-synostotic  occipital  plagiocephaly,  329-330 
premature  cranial  synostoses,  328-329 
pyknodysostosis,  342 
syndromes,  327-328 

syndromic  craniosynostoses  (craniofacial  dysostoses),  336 
synovialdisease,  328 

TMJ  internal  derangement  complication,  325 
tori  mandibularis,  317 
tori  maxillaris,  317 
tori  palatinus,  317 

Treacher  Collins  syndrome  (mandibulofacial  dysostosis),  334-336 
Turner  syndrome,  330-331 
Facial  hemangioma  embolization,  509,  510 
Facial  traumas  and  fractures,  555-556 
injured  incisor,  dilaceration,  555 
mandibular  condyle  fractures,  555 
mandibular  fracture,  555 
Facial  vein,  4 

Familiar  fibrous  dysplasia,  108-110 
Fibroma 

cementifying  fibroma,  92-97 
cemento-ossifying  fibroma,  92-97 
Fibro-osseous  ankylosis,  237,  248 
Fibro-osseous  lesion,  522 
Fibrous,  adhesions,  224 
Fibrous  ankylosis,  247,  249 
Fibrous  dysplasia,  92,  111-114,  482,  491 

benign  jaw  tumors  and  tumorlike  conditions,  527 
craniofacial,  320 

facial  growth  disturbances,  319-321 

mandible,  113 

maxilla,  112,  114 

maxilla  and  mandible,  111 

monostotic,  111 

paranasal  sinuses,  368-369 

polyostotic,  111 

Fibrous  posterior  attachment  (pseudodisc),  220 
Fistula,  193 
Flat  fossa,  241 
Floating  teeth,  130 
Florid  osseous  dysplasia,  115 
mandible,  115 

Focal  cemento-osseous  dysplasia.  See  Osseous  dysplasias 
Focal  osseous  dysplasia,  115 

benign  jaw  tumors  and  tumorlike  conditions,  522 
mandible,  115,  126 
Follicular  cyst,  37-43 
jaws,  528-530 
mandible,  40-43 
maxilla,  37-39 
wisdom  tooth,  mandible,  27 1 
Foramen 
cecum,  55 1 
magnum,  1-3 
ovale,  4,  7 
rotundum,  4,  7 


Fossa  of  Rosenmuller  (lateral  pharyngeal  fold),  4 

Fracture 

blowout,  310-311 
condyle,  291 
definition,  290 
greenstick,  298 

isolated  maxillary  sinus  wall,  304 

LeFort,  305,  308 

LeFort  1,  305-306 

LeFort  2,  305-306 

LeFort  3,  305,  307 

mandibular,  297-300 

midfacial,  303 

nasal,  291,  303 

nasal  aperture,  303 

nasal  pyramid,  303 

symphyseal,  291 

trimalar,  308-309 

tripod,  308-309 

zygomatic,  308-309 

Frontal 

bone,  1-4,  6,  8 
process  of  maxilla,  4,  6,  8 
sinus,  4,  6 

Frontozygomatic  suture,  1-3 


G 

Genial  process  of  mandible,  4,  9 
Genioglossus  muscle,  4 
Geniohyoid  muscle,  4 
Giant  aneurysm  of  skull  base,  482 
Giant  cell  granuloma  (central),  103-106 
bilateral,  mandible,  106 
mandible,  104 
maxilla,  105 

Giant  cell  lesion,  103-106 
Giant  cell  reparative  granuloma,  103-106 
Giant  cell  tumor,  103-106 
Gigantiform  cementoma,  115,  118 
Gingival  cancer,  130 
Gingival  mucosa,  135 
Glandular  odontogenic  cyst,  44 
Glenoid  fossa,  1,  4,  7,  17-21,  256 
Glomus  vagale  paraganglioma,  482-483 
Goiter,  465 

Goldenhar  oculoauriculovertebral  spectrum,  331 
Goldenhar  syndrome,  331 
Gorlin-Goltz  syndrome,  57,  68 
Gout,  255 

Granulation  tissue,  191 
Greater  palatine 
canal,  4,  6,  8 
foramen,  4,  8 

Greater  wing  of  sphenoid  bone,  4,  6 
Greenstick  fracture,  298 
Ground-glass  appearance,  90,  111 
Growth  disturbances  (anomalies),  251-255 


H 

Hamartoma,  126 

Hamulus  of  medial  pterygoid  plate,  4,  7 
Hard  palate,  1-4,  6,  8 
Hemangioma,  493-494 
neck,  466-467 
salivary  glands,  435-437 
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Hemifacial  microsomia,  332-324 
Hemorrhage  intracranially,  300 
Hemorrhagic  bone  cyst.  See  Simple  bone  cyst 
Hemorrhagic  cyst.  See  Simple  bone  cyst 
Hodgkin’s  lymphoma,  145 
Hybrid  lesions,  99-102 
Hyoglossus  muscle,  4 
Hyoid  bone,  4,  7 

Hyperbaric  oxygenic  treatment,  191 
Hypercementosis,  549 
Hypopharynx 
abscess,  462 
carcinoma,  471-472 


I 

Idiopathic  bone  cavity.  See  Simple  bone  cyst 
Idiopathic  histiocytosis.  See  Langerhans  cell,  histiocytosis 
Idiopathic  osteosclerosis,  124-125,  523,  528 
Impacted  third  molar,  41-43 
Incisive  artery  canal,  4 
Incisive  canal,  4,  6,  8 
cyst,  36-37 
maxilla,  36 

Incisive  foramen,  1,  2,  4,  8,  9 
Infection/inflammation 
jaws 

osteitis,  532-533 
osteomyelitis,  531-534 
osteonecrosis,  medication-related,  534 
maxillofacial  soft  tissues,  385-386 
salivary  glands,  413-417 
Inferior 

joint  space,  17, 18 
meatus,  4,  6,  8 
orbital  fissure,  4,  6,  8 
turbinate,  4,  6,  8 
Inflammatory  arthritis,  240-241 
Inflammatory  dental  conditions,  364 
Inflammatory  diseases,  349 
Inflammatory  pannus,  240-241 

Inflammatory  paradental  cyst.  See  Paradental  (mandibular  infected 
buccal)  cyst 
Infraorbital  canal,  4,  8 
Infraorbital  foramen,  1 ,  3 
Infratemporal  fossa,  4 

Interior  head  of  lateral  pterygoid  muscle,  17,  18,  20 
Intermediate  (central)  thin  zone,  17-20 
Internal  carotid  artery,  5 

Internal  derangements,  with  normal  cortical  bone,  215-224 

Internal  jugular  vein,  5 

Interventional  maxillofacial  radiology,  499 

Intracranial  abscess,  mastoiditis  with,  476-477 

Intracranial  empyema,  sinusitis,  382-383 

Intraosseous  pseudocyst,  45 

Inverted  papilloma,  366 

Involucrum,  180 

Isolated  maxillary  sinus  wall  fracture,  304 


J 

Jaw 

cysts 

bone  cyst,  520 

and  cyst-like  conditions,  516-521 
definition,  23 
follicular,  518-519 


follicular  cyst,  37-43 
glandular  odontogenic  cyst,  44 
incisive  canal  cyst,  36-37 
lateral  periodontal,  520 
lateral  periodontal  cyst,  35-36 
paradental,  518 

paradental  (mandibular  infected  buccal)  cyst,  30-34 
periapical,  517 
periapical  cyst,  24-29 
possible  follicular,  519 
radicular,  516 
residual  cyst,  29 
infections 

abscess,  209-211 

medication-related  osteonecrosis,  198-208 
osteitis,  532-533 
osteomyelitis,  179-185,  531-534 
osteomyelitis:  with  periostitis,  186-192 
osteonecrosis,  medication-related,  534 
osteoradionecrosis,  193-197 
malignant  tumors  in 
chondrosarcoma,  530 
multiple  myeloma,  529 
prostatic  cancer  metastasis,  530 
metastases,  171-176 
osteosarcoma,  157 
Joint  space  reduction,  224 
Juvenile  aggressive  osteoblastoma,  90 
Juvenile  angiofibroma  embolization,  509,  512 
Juvenile  idiopathic  arthritis,  241-247 
disc  displacement,  245 
facial  asymmetry,  242-243 
facial  growth  disturbances,  325-326 
micrognathia,  242 
temporomandibular  joints,  538-539 
Juvenile  ossifying  fibroma,  98-99 
Juvenile  osteoarthritis,  537 


K 

Keratin,  57 

Keratoconjunctivitis  sicca,  425 
Keratocystic  odontogenic  tumor,  57-70 

benign  jaw  tumors  and  tumorlike  conditions,  527 
mandible,  58-62,  66-69 
maxilla,  63-65,  68-70 

L 

Lacrimal 
bone,  5,  8 
sac  fossa,  5,  6 
Lambdoid  suture,  1-3 
Lamina,  papyracea  of  ethmoid,  5,  6,  8 
Langerhans  cell 
disease,  106-107 
histiocytosis,  106-107,  480,  492 
Lateral  periodontal  cyst,  35-36 
jaws,  520 
mandible,  36 
maxilla,  35 

Lateral  pterygoid  muscle,  5 
raphe,  17,  18 

Lateral  pterygoid  plate,  1-5,  7,  8 
Lateral  recess  of  sphenoid  sinus,  5,  8 
LeFort  fracture,  305-308 
LeFort  1,  306,  308 
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LeFort  fracture  ( cont .) 

LeFort  2,  306,  308 
LeFort  3,  306,  308 
LeFort  1  osteotomies,  305 
Leiomyosarcoma,  170 
Lesser  palatine  canal,  5,  8 
Leukemia,  155-156 

lymphoblastic,  495,  497 
mandible  and  maxilla,  156 
Leukoplakia,  130 
Levator  labii  superioris  muscle,  5 

Lingual  mandibular  bone  depression.  See  Stafne  bone  cyst 
Lingual  salivary  gland  depression.  See  Stafne  bone  cyst 
Lingual  septum,  5 
Lingual  thyroid,  402,  403 
Lipoma,  87 

lower  gingivobuccal  sulcus,  404 
neck,  468 

Longus  colli  muscle,  5 
Lymphadenopathy,  474-475 
Lymph  node  metastasis,  407 
Lymphoblastic  leukemia,  495,  497 
Lymphoma 

maxillofacial  soft  tissues,  409,  410 
oropharyngeal  non-Hodgkin’s,  410 
paranasal  sinuses,  373 
parapharyngeal  non-Hodgkin’s,  410 
salivary  glands,  438 


M 

Major  zygomatic  muscle,  5 
Malar  bone,  agenesia,  335 
Malignancy  of  oral  cavity,  129 
Malignant  epithelial  neoplasm,  129 
Malignant  tumors 
in  jaws 

adenoid  cystic  carcinoma,  141-144 
chondrosarcoma,  164-165 
Ewing  sarcoma,  166-167 
jaw  metastases,  171-176 
leiomyosarcoma,  170 
leukemia,  155-156 
mucoepidermoid  carcinoma,  137-140 
multiple  myeloma,  152-154 
non-Hodgkin’s  lymphoma,  145-151 
osteosarcoma,  157-163 
rhabdomyosarcoma,  168-169 
squamous  cell  carcinoma,  129-136 
maxillofacial  soft  tissues,  406,  407,  410 
temporomandibular  joint,  263-264 
Mandibles,  1-6 

alveolar  bone,  5,  9 

body  fracture,  comminuted,  296 

canal,  5-7,  9 

condyle  fractures,  291,  297 
coronoid  process,  299 
foramen,  5,  6,  9 
fractures,  291-297 

combined  with  other  fractures,  297-300 
complications,  301-302 
and  maxillary  fractures,  300 
neck  fracture 

bilateral,  295,  298,  299 
maxillary  alveolar  process,  297,  298 


maxillary  sinus  wall,  298 
unilateral,  292,  293 
zygomatic  arch,  298 
notch,  4,  5,  8 
ramus,  4,  5,  7,  8 
Mandibular  condyle,  1-5,  7,  8 
articulating  surface,  17,  21 
fractures,  291,  297,  555 
head,  17-21 
marrow,  17 

Mandibular  fracture,  556 

Mandibular  neck/TMJ  fracture/TMJ  infection  complication,  321-324 
Mandibular  tooth,  5 
crown  pulp,  5,  9 
root,  5,  9 
root  canal,  5,  9 
tooth  1,  central  incisor,  5,  9 
tooth  2,  lateral  incisor,  5,  9 
tooth  3,  canine,  5,  9 
tooth  4,  first  premolar,  5,  9 
tooth  5,  second  premolar,  4,  5,  9 
tooth  6,  first  molar,  4,  5,  9 
tooth  7,  second  molar,  4,  5,  9 
tooth  8,  third  molar,  4,  5,  9 
Mandibulofacial  dysostosis,  334-336 
Masseter  muscle,  5 
Masticator,  210 
Mastoiditis 

with  intracranial  abscess,  476-477 
with  sigmoid  thrombosis,  478 
Mastoid  process,  5 
Maxilla,  1-6 
Maxillary 

alveolar  bone,  5,  8,  9 
sinus,  5,  6,  8 
tuberosity,  5,  8 
Maxillary  tooth,  5 
crown  pulp,  5,  9 
root,  5,  8 
root  canal,  5,  9 

1,  central  incisor,  5,  9 

2,  lateral  incisor,  5,  9 

3,  canine,  5,  9 

4,  first  premolar,  4,  5,  9 

5,  second  premolar,  4,  5,  9 

6,  first  molar,  4,  5,  9 

7,  second  molar,  4,  5,  9 

8,  third  molar,  4,  5 
Maxillofacial  imaging  anatomy,  515 
Maxillofacial  soft  tissues,  560 

adenoid  cystic  carcinoma,  409 
atrophy,  387-390 
benign  tumors,  404 
calcifications,  387,  391-392 
cysts,  399-401 
dehiscence,  387-390 
infection  (abscess),  385-386 
lingual  thyroid,  402,  403 
lymphoma,  409,  410 
malignant  tumors,  406,  407,  410 
muscular  hypertrophy,  387-390 
schwannoma,  405 
vascular  malformations,  393-399 
McCune-Albright  syndrome,  111 
Medial  pterygoid 
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muscle,  5 
plate,  1-5,  7,  8 

Medial  wall  of  maxillary  sinus,  5,  8 
Medication-related  osteonecrosis 
definition,  198 

mandible,  198-205,  207,  208 
maxilla,  206 
Meningioma,  495,  496 
cervical  spine,  447-448 
Mental  foramen,  1-5,  9 
Metastasis 

anaplastic  malignant  meningioma,  175 
breast  cancer,  172-173 
prostatic  cancer,  174 
thyroid  cancer,  176 

Metastatic  disease  to  hypoglossal  canal  and  clivus,  486-487 
Metopic  suture,  1,  2 
Micrognathia,  325 

facial  growth  disturbances,  344,  346 
Middle  meatus,  5,  6 
Middle  suture  of  hard  palate,  5,  6,  8 
Middle  turbinate,  5,  6,  8 
Midfacial  fracture,  303 
Moth-eaten  bone  destruction,  166 

MRI  and  autopsy  midcondyle  anatomy  of  normal  temporomandibular 
joint,  18 

Mucoceles,  paranasal  sinuses 
frontal  sinus,  359-360 
maxillary  sinus,  362 
sphenoid  sinus,  361-362 
Mucoepidermoid  carcinoma,  137-140,  439 
mandible,  138-139 
maxilla,  140 
Multiple  exostoses,  123 
Multiple  myeloma,  152-154 
jaws,  malignant  tumors,  529 
Muscular  hypertrophy,  387-390 
Myeloma,  152-154 
Myelomatosis.  See  Myeloma 
Mylohyoid 

line  (ridge),  4,  5 
muscle,  5 


N 

Nasal  ala,  5 

Nasal  aperture  fracture,  303 

Nasal  bone,  1,  2,  5,  6 

Nasal  cavity,  airway,  5,  8 

Nasal  fractures,  291,  303 

Nasal  pyramid  fracture,  303 

Nasal  septum,  5,  6,  8 

Nasal  vestibule,  5 

Nasofrontal  suture,  1,  2,  5,  6 

Nasolabial  (nasoalveolar)  cyst,  370 

Nasolacrimal  canal,  5,  6,  8 

Nasomaxillary  suture,  1,  3 

Nasopalatine  duct  cyst.  See  Incisive  canal,  cyst 

Nasopharynx,  5,  8 

Neck 

hemangioma,  466-467 
lesions,  462 
lipoma,  468 

plexiform  neurofibroma,  468-469 
Neurofibromatosis,  493 


type  1  (NF-1),  460 
type  2  (NF-2),  459 

Nevoid  basal  cell  carcinoma  syndrome,  57 
Non-fracture  traumas,  287-290 
mandible,  288-290 
Non-Hodgkin’s  lymphoma,  145-151 
oropharyngeal,  410 
parapharyngeal,  410 

Noninfectious  destructive  sinonasal  disease,  363 
Nonneoplastic  conditions,  413 
Non-synostotic  occipital  plagiocephaly,  329-330 
Noonan  syndrome,  103 
Normal  axial  CT 

bone  anatomy  of  face,  8-9 
soft- tissue  anatomy  of  face,  13 
Normal  cone  beam  CT  bone  anatomy  of  maxilla  and 
mandible,  10-11 
Normal  coronal  CT 

bone  anatomy  of  face,  6-7 
soft- tissue  anatomy  of  face,  12 

Normal  coronal  T1 -weighted  post-Gd  MRI  anatomy  of  face,  14 
Normal  mandibular  condyle  bone  marrow,  21 
Normal  temporomandibular  joint  bone,  17 
Nosebleed  embolization,  509,  511 


O 

Occipital  bone,  1-3 

Oculoauriculovertebral  (OAV)  spectrum,  331 
Odontogenic  epithelial  residues,  23 
Odontogenic  fibroma  (central),  87-88 
Odontogenic  fibromyxoma,  88-89 

Odontogenic  keratocyst.  See  Keratocystic  odontogenic  tumor 

Odontogenic  myxofibroma,  88-89 

Odontogenic  myxoma,  88-89 

Odontoid,  126 

Odontoma 

benign  jaw  tumors  and  tumorlike  conditions,  522-526 
complex  type,  126 
maxilla,  126 
Olfactory  recess,  5,  8 
Onion  skin  appearance,  180 
Oral  leukoplakia,  130 
Orbicularis  oris  muscle,  5 
Orbit,  5,  6,  487 

Orbital  infectious  disease,  488-489 
Oropharyngeal  non-Hodgkin’s  lymphoma,  410 
Oropharynx,  5,  7 
Osseous  dysplasias,  115-118 

Ossification  of  posterior  longitudinal  ligament,  448-450 
Ossifying  fibroma,  92-97 
juvenile,  98-99 
mandible,  93-97 
maxillary  sinus,  97 
Osteitis,  532-533 
Osteoarthritis,  224-233 
advanced,  229,  230,  233 
anterior  disc  displacement,  227,  229,  233 
anterolateral  disc  displacement,  227,  228 
erosive  (inflammatory),  226 
non-reducing  disc  displacement,  232,  233 
posterior  disc  displacement,  228 
progression,  233 
synovitis,  220,  221 
temporomandibular  joints,  536 
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Osteoarthrosis.  See  Osteoarthritis 

Osteoblastoma,  90 
mandible,  90-92 

Osteocartilaginous  exostosis.  See  Osteochondroma 
Osteochondritis  dissecans,  229 

Osteochondroma,  261 

temporomandibular  joints,  541 

Osteogenic  sarcoma.  See  Osteosarcoma 

Osteoid  osteoma,  90-92 

Osteoma,  118-121,  262 
mandible,  119-120 
maxillary  sinus,  121 
paranasal  sinuses,  366-367 

Osteomyelitis,  184 

with  bilateral  periostitis,  mandible,  190 
destructive  (suppurative),  180 
diffuse  sclerosing,  180 
exacerbation,  185 
jaws  infections,  531-534 
mandible,  180-183,  185 
mental  nerve  paresthesia,  1 85 
perimandibular  swelling,  187 
with  periostitis,  180,  186-192 
with  periostitis,  mandible,  187-192 
rarefying,  180 
sequestration,  185 

Osteonecrosis,  234 

anterior  disc  displacement,  235-236 
complete  loss  of  hematopoietic  marrow,  234 
medication-related,  198-208 
jaws  infections,  534 
with  osteoarthritis,  joint  effusion,  236 

Osteophytosis,  224 

Osteoradionecrosis,  264 
acute/chronic,  193 
mandible,  193-197 
mandible  and  maxilla,  196 
nonsuppurative/suppurative,  193 

Osteosarcoma,  157-163 

mandible,  158,  159,  162-163 
maxilla,  158,  160-161 
paranasal  sinuses,  376 

foreign  body,  ethmoid  sinus,  377 
inflammatory  dental  conditions,  364 
inflammatory  diseases,  349 
intracranial  empyema,  sinusitis,  382-383 
lymphoma,  372,  373malignant  tumors,  376 
mucoceles 

frontal  sinus,  351-353 
maxillary  sinus,  362 
sphenoid  sinus,  361-362 

mucosal  imaging  findings,  asymptomatic  individuals,  355 
mucosal  maxillary  thickening,  558 
mucous,  355-356 

nasolabial  (nasoalveolar)  cyst,  370,  371 

noninfectious  destructive  sinonasal  disease,  363 

odontogenic  sinusitis,  559 

osteoma,  366-368 

osteosarcoma,  372,  374 

papilloma,  365-366 

pituitary  adenoma,  381 

polyps 

antrochoanal,  358 
definition,  358 
nasal,  357 

retention  cysts,  355-356 
serous,  355-356 

squamous  cell  carcinoma,  371-372 
tumors  and  tumorlike  conditions,  364-365 

Parapharyngeal  abscess,  210,  211 

Parapharyngeal  non-Hodgkin’s  lymphoma,  410 

Parapharyngeal  space,  5,  210,  211 

Paresthesia  in  lower  lip,  179 

Parietal  bone,  1-4 

Parotid  gland,  5 
accessory,  5 
deep  lobe,  5 
superficial  lobe,  5 

Patchy  focus  of  serum  proteins,  234 

Pathologic  fracture,  193 

Periapical  cemental  dysplasia.  See  Osseous  dysplasias 

Periapical  cementoma.  See  Osseous  dysplasias 

Periapical  cyst,  24-29 
mandible,  24 
maxilla,  24-29 

P 

Palatal  recess  of  maxillary  sinus,  5,  6 

Palatine  tonsil,  5 

Pannus 

fibrous,  238 
inflammatory,  240-241 
vascular,  238 

Panoramic 

DentaScan  reconstructions,  282 
view,  283,  284 

Papillary  cystadenoma  lymphomatosum,  434-435 

Papilloma,  paranasal  sinuses,  366 

Paradental  (mandibular  infected  buccal)  cyst,  30-34 

Paradental  jaws  cysts,  518 

Paranasal  sinuses,  300 

acute  rhinosinusitis,  349-35 1 
chronic  sinusitis,  352-354 

CSF  leakage,  380 
ethmoid  adenocarcinoma,  371 

Ewing  sarcoma,  374,  375 

expansile  odontogenic  conditions,  371,  377-378 

fibrous  dysplasia,  368-369 

Periapical  granuloma,  179 

Periapical  idiopathic  osteosclerosis.  See  Idiopathic  osteosclerosis 
Periapical  jaws  cysts,  517 

Periapical  osseous  dysplasia.  See  Osseous  dysplasias 

Periapical  radiolucency  with  sclerotic  border,  35,  36 

Perineural  invasion,  141 

Perineural  perivascular  spread,  141 

Perineural  spread,  141 

Periodontal  disease,  179,  278 

Periosteal  onion  skin  reaction,  166 

Periostitis  ossificans,  186-192 

Perpendicular  plate  of  ethmoid  bone,  5,  6 

Pharynx  rhabdomyosarcoma,  469-470 

Phlegmon,  209 

Pigmented  villonodular  synovitis,  256 

Pituitary  adenoma,  381 

Pituitary  macroadenoma  invading  skull  base,  484-485 
Plasmacytoma,  152,  154 

Platysma,  5 

Pleomorphic  adenoma,  430-434 

Plexiform  neurofibroma,  493 
neck,  468-469 

Polyps,  paranasal  sinuses 
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antrochoanal,  358 
definition,  356 
nasal,  357 

Posterior  band  of  articular  disc,  17-21 
Posterior  belly  of  digastric  muscle,  5 
Posterior  disc  attachment,  17-19 
Posterolateral  fontanelle,  1-3 
Premature  cranial  synostoses,  328-329 
Premolar 

maxilla,  545 

with  root  resorption,  547 
Primary  intraosseous  carcinoma,  130 
Primordial  cyst.  See  Keratocystic  odontogenic  tumor 
Prolactinoma,  381 
Proliferative  periostitis,  186-192 
Prostatic  cancer  metastasis,  530 
Pseudogout,  255 
Psoriatic  arthropathy,  239 
Pterygoid 
fossa,  5,  7,  8 

process  of  sphenoid,  5,  8,  9 
Pterygomandibular  space,  5 
Pterygopalatine  fossa,  5,  8 
Pulp  stones,  552 
Pyknodysostosis 

facial  growth  disturbances,  342 


R 

Radicular  cyst.  See  Periapical  cyst 
Radicular  jaws  cysts,  516 
Ranula,  salivary  glands,  429 
Regional  lymphadenopathy,  179 
Residual  cyst,  29 

Restricted  condylar  translation,  241 
Rests  of  malassez,  24 
Retention  cyst,  54-55 
maxillary  sinus,  54-55 
paranasal  sinuses,  355-356 
Retrognathia,  326 
Retromandibular  vein,  5 
Retromolar  trigone,  5,  9 
Rhabdomyosarcoma,  168-169,  495,  497 
orbital,  495,  497 
pharynx,  469-470 

Rhabdosarcoma.  See  Rhabdomyosarcoma 
Rheumatoid  arthritis,  237,  238,  240,  241,  537 
Rheumatoid  pannus,  45 1 


S 

Sagittal  suture,  1-3 
Salivary  glands,  561 

adenocarcinoma,  441  adenoid  cystic  carcinoma,  442-443 
benign  lymphoepithelial  cysts  associated  with  HIV-AIDS,  428 
carcinomas 

acinic  cell,  440-441 
mucoepidermoid,  439 
hemangioma,  435-437 
infection/infiammation,  413-417 
nonneoplastic  conditions,  413 
pleomorphic  adenoma,  430-434 
ranula,  429 

sialolithiasis,  417-424 
Sjogren’s  syndrome,  424-427 
tumors,  430 


benign,  430-434 
malignant,  438,  439 

Warthin’s  tumor  (papillary  cystadenoma  lymphomatosum), 
434-435 

Sarcoma.  See  Leiomyosarcoma;  Rhabdomyosarcoma 
Schematic  drawing,  floor  of  mouth,  1 1 
Schwannoma 

maxillofacial  soft  tissues,  405 
tongue,  405 
Sclerosing  osteitis,  179 
Sclerosis,  224 

Secondary  malignancy.  See  Jaw  metastases 
Secondary  osteoarthritis,  240 
Sequestrum,  180,  181 
Serous,  paranasal  sinuses,  355-356 
Sialoadenitis,  submandibular,  419,  425 
Sialography 

clinical  features,  502 
definition,  502 
imaging  features,  502 
parotid,  503-505 
submandibular,  503 
Sialolithiasis,  561 

salivary  glands,  417-424 

Sialo-odontogenic  cyst.  See  Glandular  odontogenic  cyst 
Sigmoid  thrombosis,  mastoiditis  with,  478 
Simple  bone  cyst,  45-5 1 
mandible,  46-5 1 
traumatic,  256 

Simple  odontogenic  fibroma,  87-88 
Sinus  lift,  283 

Sjogren’s  syndrome,  424-427 
Skull  base,  476 

giant  aneurysm  of,  482 
osteoradionecrosis  involving,  479 
pituitary  macroadenoma  invading,  484-485 
Soap-bubble  appearance,  108 
Soft  palate,  5 

Solitary  bone  cyst.  See  Simple  bone  cyst 
Sphenoid 
bone,  5,  7,  8 
meningioma,  262 
sinus,  5,  7,  8 
septum,  5,  7,  8 

Sphenozygomatic  suture,  5,  8 
Squamosal  suture,  1 ,  3 
Squamous  cell  carcinoma 
cheek,  406 
definition,  129 
mandible,  130-134 
maxilla,  135-136 
paranasal  sinuses,  372-373 
tongue,  406 
tonsil,  407 

Stafne  bone  cyst,  52-53,  521 
Stafne  defect.  See  Stafne  bone  cyst 
Static  bone  cavity.  See  Stafne  bone  cyst 
Stensen’s  duct,  5,  416 
dilated,  417 
stenosis,  423 

Sternocleidomastoid  muscle,  5 
Stuck  disc,  224 
Styloid  process,  4,  5,  8 
Sublingual  gland,  5 
Sublingual  space,  5 
Submandibular  abscess,  209 
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Submandibular  duct  stone,  420 

Submandibular  gland,  5 

Submandibular  gland  stone,  421 

Submandibular  space,  5 

Submental  space,  5,  210 

Sunburst  appearance,  157,  162,  164 

Superior  head  of  lateral  pterygoid  muscle,  17,  18,  20 

Superior  joint  space,  17,  18,  20 

Superior  turbinate,  5,  6 

Supernumerary  tooth  (distodens),  maxilla,  545 
Supernumerary  tooth  (mesiodens),  maxilla,  546 
Symphyseal  fractures,  291 
Syndromic  craniosynostoses,  336 
Synovial  chondromatosis,  258-261 
Synovial  chondrometaplasia,  258-261 
Synovial  cyst,  257 
Synovial  membrane,  237 
Synovial  osteochondromatosis,  258-261 
Synovial  proliferation  (villous  formation),  237 


T 

Temporalis  muscle,  5 
Temporal  squama,  1-3 
Temporomandibular  disorders,  215 
Temporomandibular  joint  (TMJ),  17,  535 
ankylosis,  247-250,  302 
arthritides,  237-241 
benign  tumors 

osteochondroma,  261 
osteoma,  262 

sphenoid  meningioma,  262 
bone  marrow  abnormalities,  234-236 
coronoid  hyperplasia,  265 
growth  disturbances  (anomalies),  251-254 
imaging  modalities,  215 

internal  derangements,  with  normal  cortical  bone,  215-224 
juvenile  idiopathic  arthritis,  241-247,  538-539 
juvenile  osteoarthritis,  537 
malignant  tumors,  263-264 
non-reducing  disc  displacement,  223,  232,  233 
osteoarthritis,  224-233,  536 
osteochondroma,  540 
osteoradionecrosis,  264 
pigmented  villonodular  synovitis,  256 
pseudogout,  255 
reducing  disc  displacement,  223 
rheumatoid  arthritis,  537 
simple  (traumatic)  bone  cyst,  256 
synovial  chondromatosis,  258-261 
synovial  cyst,  257 
Thyroid  abscess,  462-463 
TMJ  arthrography 

clinical  features,  499 
definition,  499 
imaging  features,  499-501 
TMJ  arthroscopy,  501-502 
TMJ  internal  derangement  complication 
facial  growth  disturbances,  325 
Tongue 

base  carcinoma,  470-471 
base  of,  4 


oral,  5 
Tooth 

anatomy,  271-277 
apical  periodontitis,  277 
canine 

maxilla,  544 
with  root  resorption,  547 
crown  resorption,  274,  275 
dental  anomalies/malformations,  549-552 
dental  implants,  271,  552-554 
double  tooth 
mandible,  550 
maxilla,  549 

enamel  evagination,  550-551 
first  molar  not  erupted,  mandible,  548 
foramen  cecum,  551 
hypercementosis,  549 
impacted  wisdom  teeth,  541-544 
internal  and  external  resorption,  552 
lateral  incisor,  275,  276 
pathology,  27 1-27 8 
periodontal  disease,  278 
postoperative  imaging 
mandible,  554 
maxilla,  554 

pre-implant  imaging,  552-553 
premolar,  maxilla,  545 
premolar  with  root  resorption,  547 
presurgical  planning,  554 
pulp  stones,  552 
resorption  (lateral  incisor),  276 
supernumerary  tooth  (distodens),  maxilla,  545 
supernumerary  tooth  (mesiodens),  maxilla,  546 
wisdom  tooth,  271,  272,  274,  541-544 
Tori  mandibularis,  317 
Tori  maxillaris,  317 
Tori  palatinus,  317 
Tornwaldt’s  cyst,  463-464 
Torus  mandibularis,  121,  122 
Torus  palatinus,  121-123,  524 
Torus  tubarius,  5 

Total  joint  prosthesis  (Lorenz),  250 

Traumatic  bone  cyst,  256.  See  also  Simple  bone  cyst 

Treacher  Collins  syndrome,  334-336 

Trigeminal  schwannoma,  485-486 

Trimalar  fracture,  308-309 

Tripod  fracture,  308-309 

Trismus,  179,  193 

Tuberculosis,  452 

Tumors 

bone-destructive,  129,  157 
bone-productive,  157 
salivary  glands,  430 
benign,  430 
malignant,  438 

and  tumorlike  conditions,  paranasal  sinuses,  365 
Turner  syndrome,  330-331 


Unicameral  bone  cyst.  See  Simple  bone  cyst 
Uvula,  5,  7 
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V 

Vascular  fibula  graft,  138 
Vascular  malformations 
mandible,  396 

maxillofacial  soft  tissues,  393-398 
Vocal  cord  paralysis,  466 
Vomer,  5,  6 


W 

Warthin’s  tumor,  434-435 
Wegener’s  granulomatosis,  363 
Wharton’s  duct,  417 
Wisdom  tooth,  541-544 


impacted,  541 

postoperative  condition  after  removal,  544 
with  root  resorption,  543 


X 

Xerostomia,  424 


Z 

Zygoma,  1-5,  8 
Zygomatic  arch,  1-3,  5-8 
absence,  345 

Zygomatic  fracture,  308-309 


